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INTRODUCTION 

The ease with which those parasites of the Mediterranean fruit fly 
[Ccraiiiis capitata Wied.) that are capable of living several months in 
glass tubes, if receiving intelligent care, can be introduced from western 
Africa into Hawaii has been most admirably demonstrated by Dr. F. 
Silvestri, who was engaged by the Hawaiian Board of Agriculture and 
Eoreslry to search western Africa for parasites that might be of value in 
checking the ravages of the fruit fly in Hawaii.* While Dr. Silvestri 
succeeded in introducinjg parasites at Honolulu, three species of which 
[Gdesus nlvestrii Kieffer, Dirkinus giffardii Silvestri, and Opius humilis 
Silvestri) have since been reared and liberated in large numbers by the 
Hawaiian Board of Agriculture and Forestry, he failed to introduce 
TeirasHchus gifjardii, which, in his opinion, gives greater promise as a 
parasite in Hawaii than any of the other species introduced. He ascribes 
his failure to introduce this parasite to its short life and its habit of 
ovipositing in cither the egg or the young larv® of the fruit fly. On his 
trip of exploration, wliich necessitated many stops and side trips, Dr. 
Silvestri could not be hampered in his movements by such continuous 
roarings of the host insect as must be undertaken by one carrying to so 
great a distance this or other short-lived parasites breeding under similar 
conditions. During the period of a little more than a year in which the 
writers have been rearing fruit flies in large numbers they have developed 
certain extremely simple methods for rearing Ccraiitis capitaia. These 
result in saving much time and in preventing many failures in connec- 
tion with the effort to introduce parasites of fruit flies from western 
Africa into the Hawaiian Islands, as they provide a means of keeping on 
iiand the various stages of the fruit fl>' for tlie rearing of new generations 
of parasites. 

‘ For a (ull account r»f this expeditioiv. set Silvestri. F, ViaRtio in Africa per cercare parassiti di mosche 
dei frutti. 164 p,, 69 fiR, Portici, 1913. (Bol. Lab. Zool. Gen. c .Art., R. Sainla Sup. Aer. Portlei.. v. 8, 
i9'4 )- For EngUsh edition, see Report of an Expedition to Africa in Search o'" the Natural Enemies of 
tuit Flies (Trypaneidac) with Descriptions, Observations, and Biological Notes, i r6 p, 24 ph Honolulu, 
Hawaii Bd. Agr. and Forestry, no. j.) 
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PUP£ 

securing material 

In obtaining a colony of fruit flies the usual method is that of placing 
infested fruit over sand in some kind of a securely screened container. 
The writers have found that the easiest method of securing large quan- 
tities of pupae from which to rear adults and pupal parasites is to use any 
sort of contrivance which will keep the infested fruits free from the sand 
and at the same time bring the emerging larvae to a central point, where 
they may be quickly and easily gathered. If the fruit is allowed to come 
in contact with the sand, the latter becomes so saturated with the juice 
of the decaying fruits that it can be freed from the pupae only with con- 
siderable effort and expenditure of time. Plate XLIV, figure 2, repre- 
sents the first contrivance of this kind' used by the writers. It is made 
of galvanized iron, 36 by 18 inches, with a depth at the lowest point of 
24 inches. On the inside, 2 inches from the top, there are narrow sup- 
ports, which hold in place a tray with handles at both ends and a bottom 
of galvanized-iron screen with a >^-inch mesh. The larvae emerging from 
the fruit instinctively work their way downward and fall through the 
screen, and are carried thence by gravity and their own movements 
through the outlet below into the small container. This arrangement 
works well with very nearly all the host fruits likely to be used as a 
source of pupie, such as Mumsops elangi, the rose-apple {Eugenia jambos), 
the kamanis {Terniinalia caitapa and Calophyllum inopkyllum), and the 
strawberry guava {Psidium catileyanum). Such fruits as the mango 
{Mangijera indica) can be used, but they yield so much juice that the 
inside of the frame becomes so wet that the escaping larvK often pupate 
without falling through into the container below, and the sand in the 
latter becomes more or less saturated. 

I^rcvious to the adoption of this method of securing pupae, there was 
in general use, both by the Hawaiian Board of Agriculture and Forestry 
and by the writers, a shallow box about 14 by 12 by 3 inches, ordinarily 
used by florists. The bottom of this box was covered to a varying depth 
with sifted sand, on which wereplaced the infested fruits. During the height 
of the season of 1913 from five to eight men were employed by the Terri- 
torial and Federal authorities in daily removing infested fruits from one 
box to another containing fresh sand, and in sifting for the pups the ^nd 
over which the fruit had lain for 24 hours. Besides requiring much time, 
the prolonged sifting necessary to free the pupae injured many of them. 
The writers are now using a frame 6 by 3 feet and 3 feet in depth simil^ar 
to that shown in Plate XLIV, figure 2. The use of a sufficient number 
of cheap wooden frames covered with tin well painted will make 1 
possible for one man in several hours to do the daily work former y 
requiring six to eight men. 

An adaptation of the old box system has been found useful when 1 ^ 
been desirable to keep separate the pupae from small lots of fruit gat ere 
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from various localitites. One box with a screen bottom of a sufficiently 
large mesh contains the fruit and is placed over a box of the same size 
containing sand. By this method the fruit does not need to be handled 
daily, and the sand below is kept so dry that the lar\^s falling through 
into it are easily sifted (PI. XLIV, fig. i), 

EMERGENCE OF EARV^ AND PUPATION 

The larvae leave the fruit in largest numbers at or just after daybreak. 
Thus, on the 6th of July, 16,624. larvae emerged between 4 and 9 a. m., as 
compared with 57 between 9 a. m. and 1 1 p. m. Siftings made at 6, 7, 8, 
9, and 10 a. m., on July 7, yielded 1,006, 448, 171, 95, and 14 larvge, respec- 
tively, during these hourly intervals. On July 8, at 5.20, 6, 7, 8, 9, and 10 
a. m., 152, 97S. 369^ 72, 31. and 14 larvae, respectively, emerged, as com- 
pared with 7 larvae during the rest of the day. The mean temperature 
for the period of larval emergence during which these observations were 
made ranged from 73° to 74° Nearly all puparia are formed in from 
one to two hours during warm weather. 

length of pupal stage 

Trom the data included in Table I it will be seen that the minimum 
length of the pupal stage is 6 days when the mean temperature ranges from 
about 76° to 79° F. During the warmest Honolulu weather the larger 
proportion of any lot of pupae requires from 9 to 1 1 days before yielding 
adults. This period may be increased to at least 19 days when the daily 
means drop to about 69° to 71°. 
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It was found that in Bermuda, when the monthly means range frotn 
62.5° to 64.8° F., the pupal stage was lengthened to about 31 days mitt 
normal conditions. The writers have found that the Mediterranean 
fruit fly can pass from egg to adult if kept in the dark in cold storage at 
56° to 57® and that at this temperature practically all pupae yield adults 
from 37 to 41 days after pupation. Pup^ placed in cold storage in the 
light at a temperature varying between 58° and 62"" were apparently 
unaffected by the cold, except that the length of the stage was increased 
to from 29 to 31 days for pupae which were about 3 hours old when 
placed in cold storage. In carrying pupae from place to place for rearing 
purposes a temperature of less than 56^^ to 60^ is not advised, as great 
mortality occurs. Thu^, from about 300 pupae i day old placed in cold 
storage at about 50° on June 2 and removed to a normal summer tem- 
perature at Honolulu on July 22 only 8 adults emerged during the period 
from July 24 to 26. 

ADULTS 

The adults of the Mediterranean fruit fly emerge in largest numbers 
early in the morning during warm weather and more scatteringly during 
cool weather. 

CARE OF adults 

As adults die in greatest numbers within 48 hours after emergence, or 
within 72 hours at the longest, if food is not given them, those required 
for future observations must be transferred to a place where they may 
be fed and cared for daily. In this work the writers have found glass 
jars 9 by 12/4 inches covered with cheesecloth very convenient. Such 
jars will hold from 200 to 300 flies in good condition. Fruit juices of 
almost any sort are eagerly eaten. Water slightly sweetened with pine- 
apple (Ananas ananas) syrup was used with good results by the winters for 
many months, but was replaced later by a mixture of water and finely di- 
vided parts of papaya (Carica papaya). When fed with such diluted food, 
adults thrive best on two feedings a day, one in the morning and one late in 
the afternoon. The food may be applied in finely divided drops to the sides 
of the jar by flirting the mixture forcibly against the cheesecloth covenng 
by means of a snapping movement of the thumb and forefinger. e 
adults feed greedily and soon become distended. In this condition 
many fall and rest upon the bottom of the jar; hence, the less food falling 
on this portion of the jar the fewer will be the deaths resulting from 
entanglement in it. If the flies are not required for oviposition, they 
can be kept alive far more easily by suspending within the 
fruit upon which they may feed. One mango, the skin of whic a 
been broken in numerous places, served to keep alive from 100 to 2 
flies for one week. Feeding by flirting mixtures through the cloth cov ^ 
ing causes the sides of the jar to become soiled quickly and neccssi 
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the changing of adults to clean jars every two or three days. When fed 
^ith suspended fruit, the flies require no changing for at least two weeks. 
Mortality among the flies increases rapidly in badly soiled jars. 

length of life 

Well-fed Mediterranean fruit flies have been kept alive in these jars 
inore than five months. One fly that emerged on December 31, 1913, 
lived until May ii, i 9 Mj days. Other flies, which emerged on 

February 28, I 9 i 4 » ^^ve at the date of this writing—August i. 
Usually about 50 per cent of the flies may be expected to die during the 
two months after emergence. When the monthly mean tempera- 
ture averages about 76"" to 79 ° F., comparatively few flies live to be more 
than 3 months old. When kept at a temperature ranging from 58° to 
63°, the writers believe from accumulating data, that especially strong 
adults will live to be more than 6 months old. 

SEXUAL MATURITY 

Neither male nor female flies are sexually mature when they emerge 
from the pupa. Males show sexual activity often four days after emerg- 
ence, and copulation has been observed five days after emergence. When 
the daily mean temperature averages from 76° to 78° F., the larger per- 
centage of females is ready to mate from six to eight days after eclosion. 
Adults that emerged on May 23 and 24 and were placed on May 25 in 
the light in cold storage at 61^ to 64° were not observ^cd to mate until 
June 5, when 14 days old. Copulation may occur at any time throughout 
the day. 

OVIPosiTION 

Oviposit ion may take place in Hawaii as early as 5 da vs after emergence 
during very warm weather, but not for about 10 days when the tempera- 
ture ranges between 68® and 72® F. At mean temperatures above 74° 
various lots of adults will yield large numbers of eggs from 7 to 8 days 
after emergence. Adults oviposit best at temperatures varying from 70° 
upward, but have been observx^d depositing eggs at 65° to 67^, and in 
cold storage in the light at about 62°. 

It is impossible at this writing (August i, 1914) to state the full capacity 
for egg deposition possessed by females of this species. The number of 
eggs found at any time in the reproductive organs is no indication of the 
total number of eggs an individual female is capable of depositing, for new 
eggs are being formed continually throughout life. The data in Table II 
sho^N that during the first 18 weeks of her life one adult deposited 499 
^ggs and was still in a thrifty condition. Two other females during the 
same time deposited 416 and 336 eggs, respectively. A fourth female 
but 80 days deposited 312 eggs. Usually females die soon after 
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they cease to oviposit. Fly No. 9 in Table II is an exception, as she d 
posited but 3 eggs in one puncture during her life of 68 days and 1‘ ^ 
without ovipositing for 35 days before she died. The data in Table TT 
give the capacity for oviposition possessed by females up to 18 week 
of age. Those in Table III show that this capacity is fairly well main 
tained by certain females at least during the fifth month after emergence* 
Thus fiy No. 5 of Table II deposited on an average 4.5 eggs per d 
after she began ovipositing, while fly No. i of Table III deposited ^ 
average of 4.6 eggs per day for the first 24 days of the fifth month f 
her life. 


Table IT . — Daily raie of (rviposiiion of the Mediterranean fruit fly. Females enter a 
on April 4, 1^14, and were placed with fruit on April I4, IQ14 


i 


N'uinbt-r (if dci>osited. 


Date of oviposition. « 
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Fly 

I'lv 
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Fly 
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\ 0 . I, 
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No. 5. 

No 6, 


No. S. 


Apr. 16 j 

0 

0 

0 

0 

0 

0 
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17 to 20 14 

7 

1 1 

24 

J 9 


0 
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20 to 22 0 

0 

0 

0 

0 
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0 


22 to 25 0 

0 

7 

0 

0 

0 

0 

2 

0 

25 to 27 0 

7 

I 

0 

13 

0 

14 

0 

0 

27 to 29 II 

8 

6 

0 

16 


0 

20 

0 

29 to 30 0 

0 

0 
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16 

23 

0 

0 
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0 

0 

3 

25 
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0 

0 

12 

0 
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7 
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2 

0 

6 

2 

0 

0 
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0 

0 

0 

7 

3 

0 

0 

0 

4 

4 

0 

0 

10 

4 

8 

0 

0 
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0 

0 

0 

7 

8 

II 

0 

0 
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4 

0 

0 

10 

2 

9 

0 

0 
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! 0 

0 

5 

5 

6 
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0 
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0 
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9 , 

S 

0 

22 ^ 


f 0 

0 

5 ' 
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2 
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9 
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8 
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10 
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2 0 



13 
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6 

14 

6 

0 

0 

3 0 



9 

12 

4 

7 
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0 Dates on which none of the flies oviiKisited are otniUed from the table 



* Died on this date 










<■ Escapt'd oti this date 







“ Died on this datt. 

Aug. 1, 11)14: These females are still alive and promise to oviiwit for some time yet 
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Tabi^B III . — Daily rate of oviposiiion of the Mediterranean fruit fly. Females 
on February IQ14; hencey u>ere 4 months old on June 28, igi^ 


Date of oviposition." 

« __ 

Number of eggs deposited. 

Fly No. I. 

Fly No. 2. 

Fly No. 3- 

Fly No. 4. 

Fly No. 5. 

Fly No. 6. 

Jtily 1 

0 

0 

0 

0 

6 


2 

9 

0 

0 

0 

2 


3 

0 

0 

0 

0 


0 

4 

10 

4 

. 0 

0 

0 

0 

5 

4 

0 

0 

0 

0 


6 

5 

6 

0 

4 

0 


7 

0 

0 

0 

0 

0 


8 

10 

6 

0 

0 

0 


9 

10 

0 

15 

4 

6 

0 

0 

9 

.3 

0 

0 

13 

11 

5 

2 

0 

0 

0 


13 

12 

7 


5 

0 

0 

14 

2 

0 


5 

0 

(^) 

IS ' 

7 

9 


0 

0 


16 

0 

8 


0 

0 ! 


17 

13 

3 


It 

0 


18 - - 

5 

0 


4 

0 


19 

6 

2 


0 

0 ! 


20 

0 

5 


4 

0 


21 

5 

2 


6 

0 


22 

0 

8 


7 ; 

0 


33 

0 

2 


0 

0 


24 

2 

6 


13 

{^) 


Total 

no 

'■ 80 

0 

C 

I? 

43 


o Dates on which none oi the flies oviposited are omitted from the table. 
f> Died on this date. 

* Ang. 1, 1914: These females are still alive and give promise of sexual activity lor some time to come. 


Oviposition experiments are still in progress; hence, no estimate can 
be made of the maximum egg-laying capacity of the female Ceratitis 
capiiaia. It is evident, however, from the data in Tables II and III 
that the females lay small batches of eggs quite regularly throughout life, 

DIFFERENCES IN HABIT BETWEEN THE ADULT MEDITERRANEAN FRUIT FLY 
AND THE adult MELON FLY 

Those desiring to rear the melon fly {Bactrocera cucurbitae Coq.) or 
parasites of its eggs and young larvae will find marked differences in habit 
between this and Ceratitis capitaia. These same differences will prob- 
ably be found to occur between species of Dacus and Ceratitis. 1 here 
is very little difference found by the writers in the egg, larval and pupal 
stages. The adults of the melon fly are far more hardy than adults of 
C. capiiaia. The writers have on hand many adults 6 months old which 
give every promise of living indefinitely, as very few have died dunng 
the last few months and those living arc as active as when newl) emerge ^ 
The adult melon fly exhibits no sexual activity for such a long peno 
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after emergence that one is likely to be discouraged in obtaining eggs. 
While the sexes of the Mediterranean fruit fly are sexually active through- 
out the day, the melon flies become active only at sunset. From sunset 
lutil <lark copulation occurs and lasts in many instances until daybreak, 
inasmuch as numerous pairs have been observed in coition at midnight 
and at dawn, when all flies are very quiet. Adults issuing from pupae 
on May 24 did not mate until June 13, or 20 days after emergence, 
although they were observed every evening. The majority of females 
in this lot did not mate until 25 days old. The daily mean temperatures 
for the period from May 24 to June 13 averaged 75.5° F. 

The female Bacirocera cucurbitae is more irregular in her habits of 
opposition. As shown by the data in Table IV, she lays more con- 
sistently a large number of eggs at one time. 

Table IV.^Daily rate of orviposilion of the melon fly {Bactrocera cucurbttae). Emerged 
on May 2 $ and placed separately with fruit on June 25, 7^/4 « 

j Number of «ggs deposited. 

Daicof ovipositioo.'’ ^ j ^ ‘l “T — 

; Fly So.i. Fly No. 2. i Fly Xo. 3. ; Fly No. 4. j Fly No. ! F!>- No. 6. Fly No. 


Jdyw ° ° °| ° 

O o 13 o 17 o o 

I 14, O O ! O O I 12 ; O 

I 0 ® 9 I o Mj o; o 

18.. ' rp o i o i o Of o : o 

O O I O ; O O I O , IQ 

21 .. i 0 O I O ; O O i 6 Q 

22 13 O I o ; o o i o : o 

23. ■ . ' o i O i o'. O 10 ! O O 

H 0 I 0 j o' 3 0 i o o 

26 , O : 0 I o ; 0 O | 23 O 

27 ; 2(; ; o i o' o O : o ; O 


■J These 7 females were all alive oa July 27. 

& Dates 00 which none of the flies oviposited are omitted from the table 

The data in Table IV were secured from A oung females during the early 
period of sexual activity. Other data on file show that females over 5 
months old deposit quite as freely. 

KGGS 

, Eggs may be obtained most easily for experimental work by suspend- 
ing fruit on a string in a jar containing adults, after the latter have begun 
to mate. In Plate XIA’, figure i, is illustrated this simple method of 
obtaining eggs during a known period. If the epidermis of the fruit is 
shaved off in several places ovi position will be made easier. The 
r«noviiig of eggs either from the body of the female or from the sides of the 
<^oiitaining jar, as practiced by se\’eral workers, has not given good results, 
fiitis desired to keep constant watch over eggs they may be dissected 
from the egg cavity and spread upon a section cut from any finn 
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leaf. The leaf should then be inserted into a small vial, an absorbeat 
cotton plug added to force the leaf well toward the bottom, and the vial 
with contents inverted and partially submerged in a jar of water 
has been found by checks that eggs, when handled in this manner, develon 
normally unless injured in the transfer. An ordinary moist chamber does 
not seem to serve the purpose so well. 

TabIvIJ V . — Duration of the egg stage of the Mediterranean fruit fly 


Num- 
ber ol 
eggs 
under 
obser- 
vation. 


Eggs deposited. 


Kggs hatched. 


I mean 
i tem- 
; pera- 
: ture 


88 

MO 

264 

135 

236 

12 
102 

695 

28 

3 

50 

102 

176 

243 

13 

2 

44 

90 


60 

12 

63 

24 

134 


3i442 


, g a. m. to I p. 


Jan. 21-22, 4 p. ru. to 10 a. m 

Mar. g 

Mar. 22-23, 2 p. m, to 9 a. m. 

Do 

Do 

Do 

Mar. 27 
Do 

Do 

Do 

Mar. 27, a. m 

May 19. 3 p. m. to 6 p. m . 

May 12-13, 3 P' ^ 

Do 

June 17-18, 4p.m. to 8a. m 

Do ' June 

June 18, r. 30p.m. to3.3op. m. . , .' June 

June 19, 10 a. m. to i p. m ; June 

June 19-20, 4 p.m. to 8.30 a.m. ... 1 June 

June 20, 9 a. m. to 4 p. ni June 

June 23, 10 a. m. to 4 p. m : June 

Do June 

June 24, 1.30 p.m.to 4.30 p.m June 


Jan, 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar, 

Mar. 

Apr. 

Mar. 

May 

May 

May 

June 


26, 6 a. m. to 3 p. m 

12-13, 4-3op- to 8 a. m, 
26, a. m 


July 
July 
July 
July 
July 
July 

July 

July 

July 

Nov. 13-14, 4 p. m. to 9 a. m Nov. 


July I, 1 30 p. m. to 5 p. in. 
July 15, 3.30 p. m. 104.30 p.m. 

Do 

Do 

Do 

July 15-16, 12 m. to 5 p. m. . 

Do 

Do 

Do. 


28- 29, 8 u- ui. to 6 a. m 

29- 30, 6 a. m . to 10 a. m 

30, a. m 

30, a, m., to Mar. 31, a, m 

3 i-Apr, 1 , 9 a. m. to 8 a. m 

1-2, 9 a. m. to 8 a. m 

3 i> a- 

22, 7 a. m. to _io a. m 

15, a. m 

15-16, 2 p. in. to 8 a. m 

20, 1 1 a. m 

T9-20, 6 p. m. to 8 a, m 

20- 2 1 , 6 p. m. to 8 a. m 

21- 22, 6 p. m. to 8 a. m 

21- 22, 6 p. ni. to 9 a. m. 

22- 23, ^ P- uh to 7,30 a. ni 

25- 26, 6 p. m. to 6 a. m , 

26, 7 a, m. to 11.45 ^ ui 

26- 27, 4 - 3 ^ P- uh to 6 a. m 
3-4, 5 p. m. to 6.30 a. m . 

17, 4.30 p. ni, to 6 p, m . 

17, 6 p. m. to 8 p. m , . , 

17, 9 p. m. to 10 p. ni 

18, 10 a, m to 4 p. m . 


°F. 

68,7 


71.0 


71.0 

71.0 

76.0 


! 


70. 6 
77.0 


Do. 


Nov, 


19, a.m 

19, 9 a. m. to I p. ni. .. 

20, p. m 

16, 2 a. m. to 6 a. m . . 
16, 6 a. m. to n a. m . 


76.8 

76.8 
77.0 
77. 0 

78.9 

78.9 

78.9 

78. ,1 

So, 0 
79.8 
79.8 
79 5 


Plate XLV, figure 2, is reproduced from a photograph of an apple that 
had been hung in a jar with flies for one day. Each dark spot repre- 
sents a puncture. The entire apple was estimated to contain over 2,0^ 
eggs. As the females live over long periods and oviposit freely throug 
out life eggs may easily be obtained daily for parasitic work u 
experimenters are en route from one country to another. Apples are 
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obably the most satisfactory fruit for egg deposition during a voyage, 
L they may be had at almost all points and they keep for a considerable 
length of time. While the female shows decided preference for certain 
fruits, she will oviposit, when forced, in almost any fruit if oviposition is 
not prevented by physical conditions. Fruit in a hard and semiripe 
condition is better for oviposition than fully ripe fruit, as the latter is 
likely to be more juicy, and very juicy fruits often cause a high mortality 
among eggs and young larvae. 

During very warm weather eggs hatch in about two days. It will be 
seen, however,* from the data in Table V that the length of the egg stage 
is considerably increased by lower temperatures. 

At a mean temperature of 78.9° F. 134 eggs hatched between 49 and 50 
hours after being deposited, although 12 eggs deposited at the same time 
did not hatch until from 66 to 72 hours. At a mean temperature of 
71° F. 695 eggs hatched vithin 72 hours, while 3 hatched in from 120 to 
144 hours, or about 6 days after deposition. Eight eggs hatched between 
4 and 4K days after deposition at a mean temperature of 68.7*^. At 59° 
to 62*^ eggs hatched in cold storage in from 5 to 7 days, and at 54^ to 57® 
in from 7 to 14 days after deposition. 

LARV^ 

The larV'iE pass through three instars, which may be readily distin- 
guished. Of chief interest in connection with this paper is the length of 
larval life. The data in Table VI show that this may be as short as 5 or 
6 days when the mean temperatures average about 77^ F. One larva at 
this temperature required 14 days to become full grown. 

The character of the fruit often influences the length of the larval stage. 
In citrous fruits, especially in limes and lemons, it appears to be longer. 
Thus larvae require 14 to 26 days to reach maturity in a ripe lemon, as 
compared with 10 to 15 days in a green peach. Citrous fruits, however, 
are not desirable for rearing work with either flies or their egg parasites. 
For successful rearing work, where it is desired to prolong the length of 
larval life by slightly lowered temperatures, adults should not be permitted 
to lay more than 50 to 150 eggs in such fruits as the apple. The feeding 
of larvae in overinfested fruits brings about such a rapid decay that few 
become well grown. At 56 to 57° F. larvae have become full grown and 
emerged from slightly infested apples in a refrigerator over a period 
ranging from 36 to 53 days after hatching. 
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Table VI. — Duration of the larval stage of the Mediterranean fruit fiy 


Num* 
ber of 
sped' 
mens 
under 
obser- 


17 
14 
20 
8 ^ 
3 i 
3 , 


Approximate period of 
development. 

i 

Host fruit. 

Instar 

1. 

Instar 

3. 

Instar 

3 - 

June 12 to 18 

Do 

Pap^a 

Hrs. 

38 

36 

36 

48 

26 

48 

48 

48 

48 

48 

Hrs. 

36 

48 

48 

48 

30 

24 

24 

30 

24 

27 ' 5 

Hrs. 

48 

48 

48 

48 

72 

72 

96 

96 

216 

264 

Do 

do 


.... .do 

Tune 10 to 21; 

do 

Do 

do 


do . . . 

June 19 to 27 

do 

June 19 to July i . , . . 

do 

Tune IQ to Tuly , 

do 

June 22 to July 2 . . . . 
June 22 to July 3. . . . 

Green peach 

do 




June 26 to July 6. . . . 
June 26 to July 2 . . . . 
June 26 to July 3 . . . . 

Hard neach 




Ripe peach 1 






Mar. 31 to Apr. 10. . . 
Mar. 3 1 to Apr. 11.,, 

Green peach 



do 



Mar. 31 to Apt. 12, . . 


1 


Mar. 31 to Apr. 13, . . 

do ^ 

j 


Mar. 31 to Apr, 15. . . 

do : 



Mar. 13 to 27 

California lemon. . . .‘ 



Mar. 13 to 28 

do 



Mar. 13 to 29 

do i 



Mar. 13 to 30 

do ' 



' Mar. 13 to 31 

.do ! . 



1 Mar. 13 to Apr. i . . . . 

. . do , . . . L 



, Mar. 13 to Apr. 2 . . . . 

,do L 



, Mar. It to Apr. t. . . . 

do 

' 1 


; Mar. 13 to Apr. 4. . . , 

do ■ 



i Mar. 13 to Apr. 8, . . . 

.do ' 

' 1 







Larval 

stage. 


tetuper- 
aliire 
for 
P«iod 
of de- 
velop, 
ment. 


Oays. 

5-1 
5-5 ! 
5-5 ! 
6. 0 I 
5-3 I 
6. 0 I 
7-0 j 
7-2 
12 . a 
‘ 4 + 

:: ! 


'F. 

77.6 

77-6 

77.6 

77-6 

76.4 

76.4 

76.6 

76.6 
77-0 
77-1 
77-2 

77.2 
77-4 
77-8 
77-7 

69. 6 
69.8 

70. 0 
0-3 

71.0 

70. 2 
70-3 
7'^3 

70.4 
70.4 
70-5 
70-5 
70.4 
70.4 
70.4 


! r- 




PLATE XLIV 

Fig. r. — Wooden boxes, 14 by 12 by 3 inches in size, nsed in obtaining pups of 
fruit flies. The upper box, ^vith a coarse screen bottom, contains the infested fruit 
from which the larv'se drop through tlie screen into the lower box containing dry 
sand. Original. 

Fig. 2,— Contrivance used for keeping the infested fruit free from the sand and 
bringing the emerging larvae to a central container where they may be gathered 
quickly. Original. 
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PLATE XLV 

Fig, I,— Method of keeping adult fruit flies alive over long periods. The jars in 
the lower row contain suspended fruits in which the females readily oviposit. 
Original. 

Fig, 2.— An apple after having been suspended for one day in a jar containing 
Mediterranean fruit flies. Each dark spot represents a puncture containing from i 
to 30 eggs. The apple is too heavily infested for practical work in rearing parasites. 
Original. 




relation of simultaneous ovulation to the 
production of double- YOLKED EGGS' 

By Maynib R. Curtis, 

Assistant Biologist, Maine Agricultural Experiment Station 
INTRODUCTION 

In an earlier paper ^ it was shown that double-yolked eggs differ 
greatly in the number of the normal egg envelopes common to the two 
yolks- The explanation was then offered that two eggs may come 
together at any level of the oviduct. If the union is anterior to the 
isthmus ring, a double-yolked egg results. It was also pointed out that 
while some of the doubling of eggs is no doubt due to the delay or the 
backward movement of the first egg, nevertheless an unusually rapid 
succession of ovulations is necessary to account for the occurrence of 
double-yolked eggs within a clutch. 

The purpose of this paper is, first, to present further data regarding 
the structural variations in double-yolked eggs and the relation of these 
variations to the functional divisions of the oviduct; and, second, to 
record observations bearing upon the relation between simultaneous 
ovulations and double-yolked egg production. 


CLASSIFICATION OF DOUBTE-VOLKRD EGGS BASED ON THE NUMBER 
OF COMMON EGG ENVEEOPES 


In the earlier paper it was shown that yolks with separate vitelline 
membranes may have a complete set of common egg envelopes, including 
common chalazal membranes— “ chalaziferous layers” (Pis. XLVI, fig. 3, 
and XLVI I, fig. i); or they may have separate chalazal membranes, all 
their other envelopes being common (PI. XLVII, fig. 2) ; or they may have 
some separate and some common thick albumen layers (PL XLVII I, 
%. i); or finally they may have entirely separate thick albumen layers 
but common egg membrane and shell (PI. XLVIII, fig. 2). A large series 
of double-yolked eggs shows every possible stage, from cases where the 
two yolks are flattened together so tightly within the common chalazal 
membrane that they resemble a single large yolk to eggs in which the 
on encss is visible externally by a depressed ring around the shell 
( ■ XLIX, fig. i). In such cases there is often a thin fold of membrane 
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projecting into the albumen at the deepest part of the furrow (PI. xnx 
fig. 2). Although the eggs form a continuous series, they can be sep^! 
rated with reasonable accuracy into three classes or types; 

Type I.— Double-yolked eggs having the entire set of egg envelopes 
common to the two yolks. 

Type II.— Double-yolked eggs having all or part of the thick albumen 
common to the two yolks, but with separate chalazal membranes. 

Type III.— Double-yolked eggs in which the yolks have entirely 
separate thick albumen envelopes but a common egg membrane and 
shell. 

relation of the nature of the doubling of the egg to the 
several functional divisions of the oviduct 

The most obvious interpretation of the various types of doubling 
observed in double-yolked eggs is that the two components may come 
together at any level of the oviduct from the ostium to the isthmus ring. 
The eggs classified as type I arise when the union of the two yolks occurs 
in that part of the duct where chalazal membrane is secreted (probably the 
funnel and funnel neck) ; type II, when the union is at any level in the 
albumen -secreting region more than the length of the first egg anterior to 
the isthmus ring; and type III, when the union occurs while thehrst egg 
is passing the isthmus ring. 

Observations of the relation of the egg envelopes were made on nearly 
every double-yolked egg produced at the plant of the Maine Experiment 
Station during the past year. Data were collected on 13 1 eggs with two 
normal yolks and a common egg membrane and a shell. Only 21, or 
16.03 per cent, were united in a common chalazal membrane, showing 
that they had passed practically the entire length of the oviduct together. 
In contrast to this, 93, or 70.99 per cent, had separate chalazal membranes 
but with all or part of their thick albumen common to the two yolks. 
These eggs showed everv possible gradation from two yolks with entirely 
common thick albumen envelopes to cases where the two component 
eggs were contained in a very thin layer of common thick albumen. 
They had apparently come together at every possible level of the duct 
from a point in the funnel where the chalazal membranes are complete 
to a point near the lower end of the albumen -secreting region. Seventeen 
eggs, or 12.97 cent, had entirely separate thick albumen envelopes. 
They had evidently come together while the first component was passmg 
the isthmus ring. 

The large proportion of double-yolked eggs with all or part of ttieir 
thick albumen common to the two yolks is easily explained by the lengt 
of the portion of the duct in which they may come together. A photogmp^ 
of the oviduct opened out to show the various regions is reproduce 1 
Plate E. There is no visible line of demarcation between the funn 
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, .N ^here the chalazal membrane and chalazas are probably secreted, 
the albumen-secreting portion {B), There is, however, a difference 
in the general appearance of the glandular ridges and the microscopic 
character of the glands for a distance of 5 to 8 cm. in an adult laying 
barred plymouth rock fowl. There is a definite line of demarcation, 
the isthmus ring (ic), where the egg membrane begins to be secreted. The 
length of the duct from the mouth of the funnel to the isthmus ring has 
been determined for 57 normal laying barred plymouth rock fowls. The 
mean length was 46.3 cm. 

The portion of the oviduct in which two yolks can unite and have all the 
egg envelopes common is probably within the length of the funnel— that 
is from 5 to 8 cm. The portion where they will have all their envelopes 
separate, except the egg membrane and shell, probably roughly approxi- 
mates the length of the first egg when passing into the isthmus, or from 
5 to 7 cm. The union of two eggs in any other part of the duct from the 
ostium to the isthmus ring (30 to 35 cm.) would result in the formation 
of a double-yolkcd egg with all or part of the thick albumen common to 
both yolks. If we take as the means of the above figures 7, 33, and 6 cm. 
and calculate the percentage that each is of the total length from ostium 
to isthmus ring we shall have the expected percentage of double-yolked 
eggs of each type, if the probability of the union of two yolks is equal at 
every level of the duct. The number and percentage of eggs of each type 
observed and the number and percentage expected on the above assump- 
tion are given in Tabic I, 

Tabi.k I.” and percentage observed of each type of doublc-yolkcd eggs and the 
number and percentage expected, if there is an equal probability of the union of the txo 
compownis at rjfrry level of the ot'irfnc/ 


Xumber. Peri^vnUgc. 


Obsen’ed. , 

, Erpcctfd. 

i : 

Obseni-efl . 

Expected, 

I (all egg envelopes common) 21 

II (separate cliaJazal membranes; all nr 

i 

19. 94 i 

' 1 

16.03 

[ I V 22 

1 

part of thick albumen common) 

in (separate thick albumen on velo] )(.•>: ^ 


70. 99 

1 71 . 74 

common membrane and shell) ... i ; 

j 17. oS 

12. 9S 

Ky C 4 

tnal 

! M. CC 

100. 00 

100. 00 


The close agreement between tlie data for the eggs observed and 
those expected in each type supports the conclusion that the union of 
the component eggs occurs indiscriminately at all levels of the oviduct. 
While the eggs observed formed a graded series and the divisions of 
e duct are somewhat rough, nevertheless, variations in classification 
Within any possible range of obser\^ation could not reverse the conclusion 
^at the short distances of duct which could yield eggs of the first and 
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third type and the comparatively long portion where the union of two 
eggs could result in an egg of the second type are obviously in accord 
with the obser\^ed percentage of the eggs of each type. 

THE QUESTION OF THE SIMULTANEOUS OVULATION OF THE TWn 
YOLKS OF A DOUBLE-YOLKED EGG ^ 


On purely theoretical grounds Parker ^ explains the origin of doublc- 
yolked eggs as the “simultaneous or almost simultaneous “ discharge of 
two yolks from the same or separate follicles. He suggests that prob- 
ably when the two yolks are inclosed in the same vitelline membrane 
they come from the same follicle, but that when they are in separate 
membranes they are probably from separate follicles. 

Glaser ^ suggests that it is not necessary to assume simultaneous ovula- 
tion in the case of the two yolks of a double-yolked egg, since the first 
yolk may remain in the infundibulum until the next normal ovulation. 
The present author has further suggested, first, that this delay of tlie 
first egg may occur at any level of the duct anterior to the isthmus ring; 
second, that the first egg may be moved back up the duct by antiperi- 
stalsis; and, third, that a }’olk ovulated into the body cavity may he 
later picked up b)' the funnel and inclosed with its successor in a double- 
yolked egg. 

It is probable that double-yolked eggs arise from some or all of these 
causes. However, as \vas pointed out in the pre\dous paper, at least 
an abnormally close succession of ovulations is necessary to account for 
a daily succession of double-yolked eggs or of double-yolked eggs laid after 
a series of normal daily eggs. 

No bird belonging to the tlock of the Maine Experiment Station during 
the last six vears has i)rodiiced double-yolked eggs on successive days, 
but a large number of fowls have produced doulde-yolked eggs within 
a series of normal dail}’ eggs. For example, fowl No. 2K produced a 
double-yolked egg as the seventh egg of a lo-egg clutch, No. 37M one 
as the sixth egg of a 13-cgg clutch, and No. 306K produced double-yolked 
eggs both as the second anrl fourth eggs of the same 6-egg clutch. In 
fact, in 43, or 36.44 per cent, of the 1 18 cases on which we have complete 
data tlie bird which produced a double-yolked egg had laid a normal 
egg on the preceding day. In these cases it seems certain that tlie period 
between ovulations must have been much shorter than the normal perio 
Further, in 17, or 14.40 per cent, of the 1 18 cases the bird laid normal eggs 
on both the preceding and following days. In these cases the e\idence 
for a heightened rate of fecundity is unmistakable, although the 
lions which furnished the volks for the double-yolked egg ttia} not a\ 


lx;en simultaneous. 


* Parker, G. H. Double hens’ eges. In Atner. Kat., v. 40, no. 460. P- 
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POSSIBILITY OF A RELATION BETWEEN THE RATE OF FECUNDITY 

AMD THE TYPE OF DOUBLING OF THE DOUBLE-YOLKED EGG 

It has been shown in previous paragraphs, first, that one-sixth of all 
the double-yolked eggs show by their structure that the two yolks have 
passed practically the entire length of the oviduct together (i6 per cent 
have the complete set of egg envelopes common to the two yolks) ; and, 
second, that in more than one-third (36.44 per cent) of the cases of 
double-yolked eggs the two yolks must have been ovulated at an abnor- 
mally short interval, since these double-yolked eggs were laid on days 
following the production of a normal egg. Or, to put the matter in 
another way, in 43 out of 118 cases the two yolks must have been ovu- 
lated in less than the normal time, while in only 19 cases did the two 
yolks pass the entire length of the oviduct together. The analysis may 
be carried still farther: Of the 43 cases in which an egg had been laid 
on the preceding day only 7, or 16.28 per cent, were eggs with the two 
yolks inclosed in common chalazal membranes — that is, even where we 
have evidence from the egg record of the fowl that the ovulations must 
have been unusually rapid the structure of the egg indicates that they 
were simultaneous in only a small percentage of the cases. This is 
shown in the first column of Table II. This column also shows that in 
a few of these cases the entire thick albumen envelopes of the two yolks 
are separate. This indicates that the two eggs have not united until 
very near the end of the albumen-secreting portion of the oviduct. 


Table U.—\'umbcr and percentage of each type of double-yolked eggs occurring as single 
eggs, or preceded or followed within one day by a normal egg 


Typt, 

Cases in which a 
tlouble-yolked 
CKX occurred 
on tlie day 
followina a 
normal egg. 

Cases in which a , 
unrmal egR was i 
laid oil the day Cases in which a 
following, hut j doubIc-yoILcd 
not on theilay ' egg occurred 
prcccdiriK the as a single egg. 
double-y tilted j 
•■Kg- 

Double- 
yolked 
eggs ob- 
served. 
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age of 
total. 


\uin- 

her. 
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ber. 
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cent. ! her. 
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eent. 
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I (all egg envelopes com- 
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[ 

moTi), . 

11 (all or part of thick 

7 

36. 84 

6 

31- 58 ; (> 

31* 58 

19 

16. TO 

albumen common) 

111 (dll of thick albumen 

33 

39- ?6 

20 

24, 10 : 30 

36. 14 

83 

70-34 

separate). .. 

3 

iS- 75 

2 

12. 50 1 IT 

68. 75 

16 

13 - 56 

Total. .. 

i 

; 43 

36. 44 

38 

23- 73 ■ 47 

■ 39 - 83 
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It should be borne in mind that the structure of the egg can not be useii 
to measure the time between ovulations. It only registers the level of 
the oviduct where the tw^o eggs come together. Further, the author i 
has called attention to the fact that it is necessary to assume a difference 
in the rate of the passage of the two eggs through the o\dduct, b order 
to account for the union of two yolks which did not enter simultaneously 
Nevertheless, it seems certain that in cases where the eggs do not unite 
at the upper end of the duct the time of entrance of the two yolks must 
have been separated by a measurable period. 

Table II also shows that some of each type of double-yolked eggs are 
produced as single eggs, some on the day after a normal egg was laid 
and some on a day followed but not preceded by a normal egg. About 
one-third of the eggs of both type I and type II were produced in each of 
the three relations to the production of normal eggs, but more than two- 
thirds of the eggs of type III were single eggs. 

This suggests that, while eggs of all types, including type III, mav 
result -from a heightened rate of fecundity, the most usual cause of the 
doubling of eggs at the end of the albumen portion is an abnormal delay 
of the first egg in the oviduct. 

In this section it has been showm, first, that there is a certain, though 
small, percentage of the cases of double-yolked eggs in which, judging 
from the egg structure, the two yolks probably entered the oviduct 
practically simultaneously, and, second, that there is a still larger per- 
centage of cases where, as shown by the egg records of the bird, the two 
ovulations must have occurred within a few (three or four) hours. It seems 
certain that in all cases of the simultaneous ovulation of two yolks the 
complete set of egg envelopes is common to the two. Yet neither the 
structure of the egg nor the egg record of the bird can prove absolutely 
that the time between ovulations has not been considerably reduced. 

OVARIAN RELATION OF THE TWO FOLLICLES WHICH FURNISH THE 
YOLKS FOR A DOUBLE-YOLKED EGG 

Glaser ^ described the pathological ovary of a bird which habitually 
laid double-yolked eggs. He concluded that in this case the double- 
yolked eggs arose from follicles secondarily fused. The secondary fusion 
of follicles resulted in a common blood supply which, when associated 
with a comtnon state of permeability in the two ova, resulted in their 
simultaneous maturity and discharge. That the condition at autopsy 
of the ovary described by Glaser warrants the assumption that the second- 
ary fusion of the follicles resulted in a common blood supply which was an 
important factor in the synchronous maturity and ovulation of yolks 
may, perhaps, be questioned. But at least it offers a suggestion in 
regard to the origin of double-yolked eggs which is open to in vestigati on 

* Curtis, M. R. Op. dt. * Glaser. Otto. Op. cit. 
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gome observations have been made at this laboratory upon the relation 
of the two follicles occurring in normal ovaries which have furnished the 
volks for double-yolked eggs. 

' A young pullet, No. 1825 (1913 chick), laid her first egg at 1.30 p. m. 
oji November 20, 1913. This egg was double-yolked. The bird w'as 
^lled at 4 P- m. the same afternoon, and the ovary was carefully removed 
and photographed (PI. LI, fig. i ). It was perfectly normal with a gradu- 
ated series of seven enlarging yolks and two distinct follicles. There 
was no egg in the oviduct. The bases of the two follicles were separated 
t)v about 15 nim. of ovarian epithelium, w^hich was covered with small 
yolks. 

Another pullet, No. 8053 (hatched in 1913), laid a double-yolked egg 
at 3.3^* P-m- on November 26, 1913. This was her first egg. At 4.35 
p m. the bird was killed. There w^as no egg in the oviduct. Two nor- 
mal separate discharged follicles were present on the ovary (PI, LI, 
fig 2). bases of the two follicles were quite distinct, although not 
situated at a great distance from each other. They were supplied by 
separate arteries from the same branch of the ovarian artery. The 
ovarv was apparently normal in every respect. It contained a series 
of six enlarging yolks. 

In both these cases the only yolks the bird had ever ovulated were 
the yolks contained in the double-yolked egg. In each case these yolks 
were from separate follicles which had separate blood supplies. 

The study of the structure of the egg and of the egg record of the 
bird has already led to the conclusion that it is not necessary to assume 
simultaneous ovulation or even an unusually rapid succession of ovuld- 
tions, except in a small percentage of the cases of double-yolked egg 
production. It, therefore, is important to consider these points in a 
study of the ovarian relation of the follicles. 

In the two cases just discussed the double-yolked eggs were both of 
type II— that is, each yolk was inclosed in an envelope of thick albumen 
and then the two were inclosed in a very thin common envelope of 
thick albumen. Plate XLVUI, figure i, is a reproduction of a photo- 
graph of one of these eggs, that of bird No, 1825. The doubling of 
these eggs had evidently occurred far down in the albumen-secreting 
region of the oviduct. We should not therefore expect that the two 
yolks had been simultaneously ovulated. 

"fhe cases in which there is good reason for suspecting simultaneous 
ovulations are those in which the two yolks are inclosed in a complete 
set of common envelopes. This shows at least that they have traversed 
the entire length of the oviduct together. 

^ egg of this type was produced on October 18, 1914, bv bird No. 
J39M (PI. XLVI, fig. 3). The common clialazal membrane has been 
partly tom away, in order to demonstrate that tlic two yolks have 
separate vitelline membranes. The bird laid a normal egg on October 
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19 and was killed and examined on the 20th. At the time of auto 
there was an egg in the oviduct. The egg record of this bird fro^i^ 
October i to 20 is as follows: 


October. ...12 


Eggs r 

a Nested, but did not lay. Double-yolk ed egg. c Egg in oviduct at autopsy 

Plate LII, figure i, shows the ovary of this bird. The ovary is 
perfectly normal, \vith a series of six enlarging yolks. As would be 
expected from the egg record, several discharged follicles were found 
ranging in size, as in other normal ovaries, from the large one just dis- 
charged to those barely visible. The seven largest can be arranged 
according to size and associated with the eggs laid from October 14 to 20 
Follicle A is much the largest and no doubt furnished the yolk found in 
the oviduct. Follicle B is next in size and evidently furnished the yo\k 
for the egg laid on the 19th. Follicles C and C' are practically equal in 
size and probably furnished the two yolks for the double-yolked egg on 
the 1 8th. Follicles D, E, and F continue the decreasing series and 
probably furnished, respectively, the yolks for the eggs on October 16, 
15, and 14. All the other discharged follicles are distinctly smaller. 

Every follicle on the ovary was carefully examined for evidence of 
the fusion of follicles or of a common blood supply. (The bird had been 
injected with starch solution.) All the follicles on the ovary had sepa- 
rate stalks and each had a single cavity. Follicles B, C, C', D, and E, 
in common with all the other follicles in that part of the ovary, were 
supplied by separate small branches from a single large branch of the 
ovarian artery. 

There is, then, in this case no evidence that the double-yolked egg 
has arisen from a fusion of follicles or from a common blood supply, 
although the structure of the egg indicates that the two yolks have 
passed the full length of the oviduct together. 

Since there is evidence of simultaneous ovulations in less than one- 
sixth of the cases of double-yolked egg production and since even in 
such a case the two follicles may be quite distinct, two simultaneous 
ovulations resulting from the fusion of follicles are at least a very unusual 
cause for the production of a double-yolked egg. 

NATURE OF THE FOLIJCLE WHICH PRODUCED A LARGE YOLK WITH 
TWO GERM DISKS 

A study of all the abnormal eggs produced at the Maine Experiment 
Station shows that the doubling of an egg in the ovary is rare, An egg 
belonging to this class was laid on March i, 1914, by bird No. 311 - 
Externally this egg resembled a double-yolked egg. Its weight was 
82.25 It contained one single very large yolk (weight 30.12 gm ). 
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with two large and apparently normal germ disks (PI. XLVI, fig. i). 

was a thin white line visible only part way around the yolk but 
passing between the two disks and standing out plainly in this region, 
the size of the yolk, the presence of two germ disks, and this line were 
the only evidences of doubling. The vitelline membrane was punctured 
and the yolk removed. The membrane was washed out carefully with 
salt solution. It contained a suigle cavity, with no suggestion of doubling, 
except the slight thickening seen as a white line on the surface of the 
yolk. The weight of albumen and shell, 44.47 and 7.66 gm., respectively, 
was comparable to the weight of these parts in a double-yolked egg 
where the two yolks are separate. 

This egg clearly belongs to the first class described by Imraerman ‘ in 
which the two yolks are in a single vitelline membrane. 

The bird which laid this egg was killed at 1 1 a. m. on the following 
day. A normal egg weighing 45.81 gm. was in the shell gland. The 
yolk of this egg was normal, having a single germ disk. It weighed 
17.7 gm., which is about 59 per cent of the weight of the yolk with the 
two germ disks. The egg contained as yet only a small amount of thin 
albumen and no visible shell. It had evidently just entered the shell 
gland. The contained yolk had without doubt been ovulated the 
morning of the day the bird was killed, or about 48 hours after the 
ovulation of the yolk with the two germ disks. The egg would not have 
been laid until the second day following the one on which the large egg 
was laid. 

The ovary of this bird is shown in Plate LI I, figure 2. Two of the 
enlarging yolks have been removed, in order to show the follicles. Only 
three large follicles were present. Two of these, A and B, were about 
the same size, A being somewhat larger. The stalk of the third, which 
was considerably smaller, is seen at C. Either A or B must have fur- 
nished the yolk with the two genn disks. This yolk was nearly twice the 
size of the normal yolk in the oviduct. In the time which elapsed between 
the two ovulations the follicle whicli had produced this enormous yolk 
had been resorbed to* practically the size of the one just ovulated. Neither 
of these follicles, nor in fact any other on the ovary, showed any evidence 
that it was composed of two fused follicles. If the double yolk arose 
from the fusion of two oocytes, it seems probable that this took place 
at a stage earlier than the formation of the follicle. 

The practically double size of the yolk contained in a single follicle 
hut with two germ disks suggests that the germinal vesicle may be an 
uuportant factor in determining the quantitv of yolk deposited within a 
yolk membrane. 

fu the domestic fowl the fusion of follicles in an ovary capable of 
producing normal yolks must be of rare occurrence. The examination of 
^oral hundred ovaries of laying birds has not funiisticd a single case. 

tW Doppclcicr bdm Huhn. 4J P-. S fig. Basel. 1899. Inaugural Disscr- 
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In cases of general peritonitis accompanied by visceral adhesions 
slight superficial adhesions are sometimes found between the folHd ’ 
containing hardened yolk. These follicles could never produce normal 
yolks. 


DESCRIPTION OF A FUSION OF YOLKS WHICH MAY HAVE ARISEN frov 
A FUSED FOLLICLE * 


A small egg weighing only 19.88 gm. was laid on October 19, 
by bird No. 19K. This egg contained the double yolk shown in Plate 
XLVI, figure 2, and weighed only 1.45 gm. Neither part had a visible 
genn disk. The vitelline membranes were fused at the point of contact 
and there was a communication between the cavities of the two yolks if 
they were actually separate yolks. The bird had been laying normal 
eggs and continued to do so. Why this very immature pair of yolks 
was ovulated is difficult to understand. Since the bird was not killed 
the nature of the follicle which furnished them is not known. 

This and the preceding case are the only ones which have come under 
our observ'ation in which the two yolks were inclosed in a common 
vitelline membrane. 

CONCLUSIONS 


The various kinds of evidence given in this paper lead to the con- 
clusion, first, that double-yolked eggs sometimes represent a heightened 
rate of fecundity and sometimes an abnormally low physiological tone 
of the oviduct; second, that, even in cases in which the rate of fecundity 
is high, the ovulations are not always simultaneous; third, from the above 
it is apparent that the production of a double-yolked egg can seldom be 
explained as a result of simultaneous ovulations; and, fourth, in cases 
in which we have the best of reasons for suspecting simultaneous ovula- 
tions, the two follicles may be quite distinct. 

It seems quite possible that a heightened rate of fecundity may result 
in every conceivable shortening of the period between ovulations con- 
sistent with the daily rhythm in the general physiological activities of 
the bird. Whether it results in the formation of a double-yolked egg is 
no doubt determined by the actual length of the period and the following 
response of the oviduct. 

SUMMARY 

(1) Double-yolked eggs with normal separate yolks may have all the 
egg envelopes common to the two yolks, or they may liave some separate 
and some common envelopes. 

(2) They may be classified with reasonable accuracy into three groups. 

Type I. — Double-yolked eggs having the entire set of egg envelopes 

common to the two yolks. 

Type II. — Double-yolked eggs having separate chalaziferous layers but 

all or part of the thick albumen common to the two yolks. 



Feb. i-i. ^9^5 Simultaneous Ovulation and Double- Yolked Eggs 


385 


Type III.— Double-yolked eggs in which the yolks have entirely 
separate thick albumen envelopes but a common egg membrane and 
shell. ' 

(3) Of the eggs studied 16.03 per cent belonged to type I, 70.99 per 
cent to type II, and 12,98 per cent to type III. 

(4) A large series of double-yolked eggs show all gradations within 
and between these groups. 

(5) The most probable interpretation of this phenomenon is that the 
two components unite at any level of the oviduct from the funnel mouth 
to the isthmus ring. 

(6) The conclusion that the union of the component eggs occurs 
indiscriminately at all levels of the oviduct is strongly supported by the 
fact that the percentage of eggs of each type is closely porportional to 
the percentage of the portion of the duct in which the union of two eggs 
would give double-yolked eggs of that type. 

(7) lu 3644 cent of the double-yolked eggs the ovulations which 
furnished the two yolks must have been separated by an abnormally 
short interval, since a normal egg had been laid on the preceding day. 

(8) An examination of the egg structure, however, shows that the two 
yolks have passed the entire length of the duct together in only 16.28 
per cent of the cases in which the ovulations are known to have been 
usually rapid. 

(9) While a heightened rate of fecundity may result in the production 
of an egg of any of the three types, 68.75 per cent of the eggs of type III 
are single eggs. It seems probable that many of them have resulted from 
the delay of the first egg in the oviduct. 

(10) The ovary of each pullet which had just laid a double-yolked egg 
as her first egg contained two normal separate follicles which had separate 
blood supplies. In these cases, however, the doubling of the egg had 
occurred near the end of the albumen -secreting region. 

(11) In a case in which there was evidence from the structure of the 
egg that the two yolks had passed the entire length of the oviduct to- 
gether the two follicles were also quite distinct, with separate blood 
supplies. 

(12) This, together wdth the fact that in only a small percentage of 
double-yolked eggs is there any evidence of simultaneous ovulation, 
indicates that the fusion of follicles and a resulting common blood supply 
is by no means the usual cause for the production of a double-yolked egg. 

(13) A simple normal follicle furnished the yolk with two germ disks; 
hence, the fusion of the oocytes (if this was the origin of the two germ 
disks) must have occurred More the formation of the follicle. 



PLATE XLVI 

Fig. I. — Large yolk (weight, 30.12 gm.) witli two genn disks; found in a large hen’s 
^gS- 

Fig. 2,— Fused immature yolks (weight, 1.45 gm.); found in a small hen's egg. 

Fig. 3. — Ty^pe I double-yolked egg, showing two yolks with separate vitelline mem- 
branes but inclosed in a common chalaziferous layer. The yolks were slightly pressed 
apart before photographing, in order to show that the vitelline membranes were 
entirely separate. 
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PLATE XLVII 

rig. I. -Type I double-yolked egg, showing two yolks with separate vitelline rriem- 
bnincs but inclosed in a common chalaziferous layer. The yolks were slightly pressed 
apart before ijliotographing, In order to show that the vitelline membranes were 
entirely separate. 

Fig. 2.-— Type II dotible-yolked egg. showing two yolks with separate chalazal mem- 
branes hut common thick albumen. 



PLATE XLVIll 

Fig. I. — Type II double-yolked egg, showing two yolks witti some separate and 
some common thick albumen envelopes. 

Fig. 2. — Type III double-yolked egg, showing two yolks with all the thick albumen 
separate. 
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PLATE XLIX 

Fig. 1 —Shell of type III double-yolked egg, which shows external evidence of its 
dooible nature by a seam in the shell. 

Fig. 2,- -The inside of the shell shown in figure i, showing the fold of egg membrane 
which jjrojected between the two component eggs. 



PLATK L 

Oviduct removed from a la> ing bird and cut open along the [K)int of attachment of 
the ventral ligament. It is opened back, showing tlie characteristic glandular regions, 
d, Funnel; albumen-secreting region: .V. isthmus ring: T, isthmus: O, shell gland; 
and E, vagina. 





PtATIi II 

Fig. i.-Ov:iry of a pullet, sliowing the follicles which produced the yolk^ lor the 
du'jble yolked egg shown in Plate XL'V''in, figure i. 

Fig. 2.— Ovary of a pullet, showing follicles which produced tlie yuli:s for a douhU- 
yolked egg similar in structure to the one shown in Plate XL VIII, figure 2 
15 - -li 



pi.ATi: iji 

I'ig. 1.— Ovary of a pullel, showing a scrit’s of rust>rhing follicles, two of wliich 
(probablv C and ( i produced the >o!ks for the double -yolked egg shown iu Plate 
XLVI, figure 

Fig. 2.- 0 \'arw' of a bird, showing the two largest rcsorbiiig follicles, one of wliich 
prxKhice<! the volk with two gcmi <lisks sliown in Plate XhVI. figure i. 







brachysm, a hereditary deformijy oi' cottov 
AND other plants 

By 0. F. Cook. 

Bionovmi in Charge of Aalimatizafion and Adapiaiion of Crop Clanis and Cation 
Breeding I nvestigatiom , Bureau of Phinl Industry 

The word "brachysm” is suggested as a name lor abnormal variations 
of plants characterized by shortening of the internodes, without corrt- 
sponding reductions of other parts. Brachysm is to be distingtjished 
from nanism, or true dwarfing, which involves proportional diniinmions 
of many parts, if not of all. Genuine dwarfs, with consistent reductions 
of all of the organs of the plant, would ha\-e little value for agricultural 
purposes, but nianv brachytic varieties are highly prized. In spite of 
their shorter internodes, brachytic varieties often bear leaves, fiowers, 
and fruits as large as plants of normal stature, and sometinus larger.' 
Most of the so-called “dwarf,” or “bush,” varieties of peas, berms, 
«iuashes, lomatocs, and other garden vegetables represent bmchysni’ 
raihei than true dwarfing. The “cluster” and ■limbless” varieties of 
cotton belong to the same category, and the San Ramon coffee of 
Costa Rica affords another example of brachysm in a woody plant. 

special interest may be claimed for the cluster and limbless varieties 
of cotton because tlwy seem to tlirow light on the nature of brachvsm 
and similar abnormalities as idicnomeiia of hereditv. .\s brachvtic 
varieties arise by iiintation am! show altenialive inheritance in crosses, 
tliev dlusirale two of the ])henomena of heredity that have received much 
aueiitioii ill recent years. The nior]iho!ogical and physiological relations 
01 SIK-Ii characters must be understood before it is ]iossible to appreciate 
(heir practical importance in breeding or their hearing upon general 
cvnlutionary problrms. 


bli'CJAL 1‘BATURFS OK BRACHYSM IN COTTON 

Hie sj/uial intcRst that attaches to the phcnuincna of hrachvsni in 
cotton arises from two general facts: That the shortening of the inier- 
nodees is usually confined to the fruiting branches ami that it is usnallv 
socompanied by other abnormalities. On account of the spexialized 
^ ucaiu of I In cotton plant, it becomes possible to leant more of the 
ca ions of brachvsm to other phenomena of heredity than if all of the 

michaiwed ll'e other organs remained 
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The cotton plant has a definite dimorphism of branches, no flowers 
bolls being produced on the main stalk or the vegetative branches.* 
main stalk and the vegetative branches of cluster cottons are not short- 
ened, but are often longer in brachytic varieties than in those that hav 
normal fruiting branches. The leaves of tlie main stalk and veget ativ 
branches of cluster cottons are of nonnal form, but they are larger of 
thicker texture, and have longer petioles than those of normal iJng. 
jointed varieties. The axillary buds of noncluster varieties usually 
remain dormant or produce long vegetative branches, but in cluster 
cottons they commonly develop into short branches and produce one or 
two bolls. These differences may be considered as direct results of the 
failure of the fruiting branches to make nonnal growth, for similar changes 
occur in noncluster varieties, in plants that have been severely pruned 
and also in seedlings that lose their terminal buds through insect injuries 


or by abortion.- 

The abnormalities that accompany the shortening of the fruiting 
branches in cotton are shown in the forms of the leaves and the involucral 
bracts. The leaves of short -jointed fruiting branches often become 
smaller and more bract like, while the bracts are often enlarged and leaf- 
like, and show definite indications of the stipular and foliar elements 
that arc completely fused in normal bracts. 

Each of the involucral bracts of a cotton plant represents a modified 
leaf. The specialized form of the bract results from having the stipules 
of the leaf greatly enlarged, the petiole entirely suppressed, and the 
blade reduced and united with the enlarged stipules. The abnormal 
leaflike bracts and bract like leaves of cluster cottons show all the stages 
between normal leaves and normal bracts. In such abnormalities there 
is usually an obvious relation between the reduction of the blade or the 
suppression of the lobes of the blade and the enlargement of the stipules 
of the same leaf, and also between abnormalities of the leaf and of the 
involucral bracts of the siime intemode. This can be understood by 
comparing Plate LIU. which shows an abnormal reduced leaf and an 
abnormal enlarged bract, with Plate LIV^ which shows a leaf and a bract 
of normal size and proportions. Tlie converse relation is that when the 
bracts take a more leaf- like form, with an enlargement of the middle or 
blade element of the bract, it is almost always accompanied by a 
reduction of the stipular elements, as shown in the leaf-like bract m 
Plate LIII. When one side of a leaf is reduced or has the lobe 


‘ rhe diniorphk: M-criJuations of tl.c hranaus and kaves <A the cotton phynt havt at 
scnbtd. {Onjk.O. r. DiTmirphic hranche^ in troi>icaI crov plants ... U. S. ° io 

Indus.Bul.,^.64P , .-.m, Ox>1c. O. P. Dimorphic leaves of cotton and a hed pla 

relation to heT«lit>', U. S. Uept. Bur. iMaflt Indus. Bui. 59 P-. • S 

• Alxirtion of terminal buds is a frerpumt ri-suk oI a peculiar tlisorder of ^ Afr «« 

stc.v.Tibfd. (CooW. (} P, I,caf cut. nr tomosis. a dtwrder of cotton seedling's fn v- . • 
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pressed, as in Plate LV. the stipule on the same side of the leaf shows a 
c^^rresponding enlargement.^ 

That brachysm in cotton is confined to the fruiting branches is doubt- 
less connected with the fact that the fruiting branches have more direct 
relations with the floral organs. On account of the definite dimorphism 
of the branches of the cotton plant, no floral buds are produced on the 
main stalks or the vegetative branches. A study of brachysm in cotton 
seems to indicate that such variations represent intermediate stages or 
combinations of floral and vegetative characters. Brachytic varieties 
have leaves that are more like invohicral bracts, and bracts that are 
more like leaves than those of normal long- join ted varieties. From this 
point of view it is easy to understand that leaves of the fruiting branches 
would be more likely to show abnormal anticipations of the characters 
of the floral bracts than the leaves of the vegetative branches or the 
main stalks, for these have no floral buds and represent earlier stages 
in the development of the plant. 

indfpfndent origins of brachytic variations 

It has been supposed that all of the "cluster'’ varieties of cotton 
belong to the same botanical series, but in reality the possession of short - 
jointed fniiting branches is not a reason for supposing that two varieties 
are related. Brachytic variations arc very frequent and have l>ecn 
found in so many different species and varieties of cotton that the idea 
of derivation by crossing with a brachytic ancestral type is unwarranted. 

Brachysm is not known as a normal cliaracter of any wild species of 
cotton, but seems to follow as one of the results of domestication and 
selection. The same is apparently true in other families of plants. 
Brachytic variations havx arisen independently in several different types 
of peas, beans, squashes, melons, and otlier climbing and creeping plants. 
It is in such plants that the abnormal nature of bracbvtic variations is 
most obvious. Under natural conditions, shnrl-ioinlod variations of 
climbing plants would be placed at a still greater disadvantage than those 
of shrubby plants like cotton or coffee. 

If braohuic variations be supposed to represeiu the formation of a 
new cliaracter, as assumed in the mutation theory of De Vries, it is difli- 
cull to understand why the same cliaracter should arise suddenlv in so 
^any different and unrelated tyix-s of plants. Ibit if brach\ sm be con- 

end as a defect or failure of normal liereditv, it becomes easier to 
erstand that many kinds of plants might he subject to similar de- 
^^ugdiicnts. That the bracliytic tendencies should apjx'ar indepcndentlv 
to 1 genera and families of plants makes it reasonable 

general intcrprclalioii of this class of abnonual variations. 

MW1U’ tif thf intcrmrtliato Jorms of hfAcls «nil 
Sur riant bulletin. (CooJc.O. l\ Hcr<xlitv Jtul ailfon brt^linc. V S. IVpt. Afr, 
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U[KFKRliNT DEGRTvKS OF BRACK YSM 

The interest tif brachytic variations as a phenomenon of heredity '• 
increased by the fact that the tendency is manifested in many differ 
degrees. The most extreme form of bracliysm is represented by a 
plete abortion of the fruiting branches, but there is an apparently com 
plete series of stages from these completely sterile monstrosities to th' 
normal long- join ted forms. The strictly cluster or limbless forms have 
the fruiting branches reduced to a single joint or a few very short joints 
as shown in Plate LVI. From this extreme condition the intermediate 
stages run through the ordinary cluster and seraicluster types to those 
that show no reduction of the joints of the fruiting branches. Even in 
the same Held of cotton it is often jwssihle to find a wide range of varia 
lions in the lengths of the intemodes of the fruiting branches, csjxiciallv 
in varieties like the King, that produce many brachytic variations 

In some varieties, such as the 'iTiumph cotton of Texas, the lower 
fruiting branches often show a tendency to brachysm not shared bv 
branches farther up. Other varieties show the opposite tendency to form 
long-jointed fruiting branches on the lower part of the stalk and short- 
jointed branches on the upper part. Some varieties that usually have 
long -jointed fruiting branches sho\v the cluster tendency when the 
growth of the plants is restricted by unfavorable conditions, while other 
varieties are always short -jointed. There may also be pronounced irre^n 
larities in the lengths of the jj)ints, even on the same fruiting branch, 
<See Pis. lATI and lATH.) 

In addition to the fundamental ditYerence betw'een the vegetative and 
fruiting branches, the basid inlernode of the fruiting branches is generally 
longer than the others and often maintains its length when the others 
are shortened. In a peculiar varietv of Egyptian cotton growm in experi- 
mental plantings at Ikird, Cal., under tlie name of Dale, most of the 
friiitiug branches develop r)nly this long basal internode, and produce 
only a single boll, the other inlvrnodes being aborted. (See PL LXIL) 
Win n the leaves, l)mls, and joints of such branches are suppressed, the boll 
appears to be Ixwne on a greatly elongated jredicel. 

The extent to which these abnormalities are often earned may be more 
ea.Mly understcKxl by reference to the pliotographs of the plant shown in 
Plate I.,XI, figure i. 1he main stalk was rendered completely sterile 
by the alx)rtion of all of the fruiting branches, though the vegetative 
branches of the same plant produced a few fruiting I >ianches and ripened 
a few boib. Mnally the growth of the main stalk was stopt>cd by the 
abortion of the terminal bud. (Sec PI. LXI, fig. 2 .) In more normal 
plants of this N arict y the single-jointed fruiting branches are often accom- 
panied by one or two otlier branches of similar form arising from the 
axillary bud. (S<r PI. lA'lI.) In an extreme case like that shown in 
LXl. the axillarv buds abort, as well as the extra -axillary buds 
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normally produce the fruiting branches. The regular abortion of 
^ axillary buds renders it the more probable that the abortion of the 
'^^^Tinal bud was not accidental. The case shown on the left-hand figure 
Tplate LXII, the transformation of the terminal bud into a flower bud 
° blended by an abnormal leaf, affords still more definite* evidence of 

abnormality. 


SHORTKNING OF INTIvRNODES BV DROl'GHI 


The intemodes are always longer under conditions that favor luxuriant 

vth of the plants than wliere growth is restricted by drought. Though 
[bis relation is general, some varieties shorten their internodes much 
more than others. The susceptibility to shortening is sometimes so great 
that the same variety may be short-jointed like a cluster cotton in some 
laces while under other conditions it behaves as a nornjal long-jointed 
vanety. Attention v\ as called some years ago to a case of this kind in a 
variety called the Parker that had been grown in Texas for several 
seasons as a long- jointed variety, but beha^'ed as a short -jointed or semi- 
cluster variety at Del Rio in the season of 1907.' 

The difference bet^vccn the true braclnsm and this false brachysm 
induced bv changes of external conditions is that the latter is not inlier- 
ited. The false brachysm represents an adaptive change or accommoda- 
tion to the conditiuns instead of a defijiite alteration of the expression 
relations of the characters. When whole stocks of plants or animals 
respond in the same way to a ehange of external conditions, the changes 
are usually in the nature of aecommodatioiis and are readily reversible. 
But the possibility that an increase in the number of hen table varia- 
tions toward brachysm might be induced by eiivironmeiual shortening 
of the fruiting branches would be wortliy of investigation. This possi- 
bility is suggested by the fact that individual variations in tlie direction 
of the cluster habit appear more frequently in some localities than in 
others in the same variety of cotton. I hiis, it was noticed in the season 
of 1913 that plants of the cluster form were of fre([ueiU occurrence in 
many fields of Durango cotton in the Imperial \’alley of California, 
whereas in a field of Durango eotlon at Deep Creek, \a., no cluster 
plants could be found. 

Other illustrations of the intluence of external conditions are afforded 
by irregulanties in tlie lengths of the inteniocles of the siiine plant, or 
even of the same branch, t^ee PI. lA'H and lA III.) In such cases the 


‘“Tlie P.irker viiruLy of txillon sliowcxl a M-iniilu'-ltr lu!.;! i«r ^h^rLanus; oj llie iiUi'nnKles 

of the fruit liraiiclu's, a notiibti' dcixirturc from the previous fxluvior uf uur .-tcnk of this vitriely, which 
tiad been under observaiiun in several diUcrcni l<KviIiiic5 in the pretviliiic years. A|\ut from the fact 
ftat every precaution is lakeii to avoid mistakes in labs'Iing and pUntini; the .seed, the ix>ssibility of error 
in this case seems to be entirely eliminated by the f.\rt that sm different selections of Parker were grown 
at Del Rio ami that all of them bcluved in the same mamicr with tofciencx’ to this chanjc iu the Icusths 
of the fruiting branches. Plantiius of the same strains from the same lots of seeds in several other localities 
ill Texas in the same seas<.n t’lroduocd no such results." Ctxik, O. I*'. Suppressed and intensified charac^ 
in coium liybrich, I,'. S. Ocpi. Agr. Bur Plant Indu- Hul i,i- iw 
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emdronmental shortening or false brachysm is often accompanied k 
other abnormalities, like the inherited form of brachysm. On a short 
intemode intercalated between two of normal length the pedicel is liw i 
to have a sloping or decurrent base, with the end of the intemode 
longed beyond the insertion of the pedicel, though usually not so much 
as in cluster cottons. 

This irregularity is less difficult to understand when it is remembered 
that the floral bud of each intemode develops in advance of the growth 
of the next intemode. On account of this sequence of development 
two structural elements may be recognized in the intemodes, the tissues 
that are develop|ed early to sup^rt the pedicel and those that develop 
somewhat later in connection \vith the next internode. If a change to 
more favorable external conditions occurred during the growth of an 
intemode, its effect must be greater upon the part of the internode that 
is the last to reach its full development. Thus, in connection with the 
development of a longer intemode next to a short one, a slight elongation 
of the supporting part of the short mtemode would be induced, and a 
resulting tension between the tw’o sides of the intemode. This would 
account for the tearing of the tissues at the base of the pedicel, which 
often occurs. Hence, we see that a part of the abnormality of the inter* 
nodes that accompanies brachysm may be capable of a simple mechanical 
explanation, as arising from changes in external conditions during the 
period of development of the affected intemodes. 


RETENTION" OF BL.\STED BUDS IN BRACHYTIC VARIETiKvS 

The facts of brachysm in cotton seem to indicate that the shortening 
of the intemodes of the fruiting branches is in the nature of a premature 
or accelerated expression of the floral character. This view seems 
preferable to the idea that a new character has been substituted for an 
old one in the mechanism of transmission, as usually assumed in theories 
of mutation and Mendelism. That the shortened intemodes partake of 
the nature of the pedicels of the flowers is indicated not only by their 
reduced length but by the fact that they are often completely fused with 
the pedicels. At the base of a normal pedicel is a joint or layer of spe- 
cialized tissue indicated externally by the absence of hairs and oil glands 
from the surface, but in cluster cottons the formation of this specialized 
layer is irregular. It is one of the recognized peculiarities of cluster 
cottons that abortive buds and those that arc infested by boll-weevil 
lar\^0e often remain attached to the plant, whereas in varieties with nor- 
mal fruiting branches the blasted buds are soon shed. The lack of definite 
differentiation between the pedicels and the joints of the branches is 
responsible for the more frequent retention of the buds in cluster varieties. 

Normal shedding of the buds takes place by the formation of a circular 
fissure at the base of the pedicel, the subsequent wilting of the bud, an 
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the breaking away of the central pith of the joint. The circular fissure is 
formed just above the slight ridge or rim that connects the base of the 
stipules, the position being marked in advance, as already stated, by a 
jjajTOW zone of smooth skin without any of the hairs and oil glands that 
are scattered over all of the neighboring surfaces. 

The less definite differentiation of internodes and pedicels in cluster 
varieties often interferes with the formation of a normal circular fissure 
for the shedding of the abortive buds, which then remain hanging on 
the plant. The lower side of the base of the pedicel, the side that faces 
the main stalk of the plant, is found to be more or less confluent with the 
surface of the supporting intemode. The zone of smooth tissue that 
indicates the position of the fissure, instead of being circular, may extend 
far down on the intemode; or all indication of a fissure zone may be lack- 
ing, so that the pedicel appears as a direct continuation of the intemode. 
The result of such malformations is that the blasted buds, instead of 
promptly falling off, turn brown and shrivel while still attached to the 
plant. 

The casual observer is likely to suppose that the shriveled buds have 
been stricken by a blight, and there is often a strip of dead tissue mnning 
down on the intemode from the base of the withered bud as though a 
bacterial or fungous disease were extending along the branch. Though 
often mistaken for a diseased condition, such injuries are merely the 
mechanical consequences of the abnormal structure of the intemode and 
the failure to form a properly specialized joint between the intemode 
and the pedicel of the floral bud. The formation of the joint is usually 
indicated, for the death of the epidermis commonly follows a definite 
line, even when the bud does not drop off. A complete separation of the 
underlying tissues allows the shriveled bud to fall away eventually, 
leaving a long scar extending down the intemode, instead of a normal 
circular scar at the end of the intemode. (See PI. LVIII.) 

Dccurrent pedicels are not confined to bracliytic varieties, but are often 
found in abnormal individuals of long-jointed varieties, though usually 
the intemodes that have the decurrent pedicels are shorter, and other 
indications of abnormality may be present. Thus, in connection with 
the examples of decurrent pedicels shown in Plate L\Tn there is an 
abnonnal inequality in the lengths of the internodes, one being about 
five times as long as the others.* 
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terminal positions and to arise from intermediate points, Exaiuinatio 
of such cases at first suggested the idea that the floral hud might belon 
morphologically to the next iiitemode below. In this \dew the pedicel 
would be merely coalesced with the supporting intemode, instead of 
l>eing produced from it. The branch morphology of the cotton plant is 
unusually complicated on account of the dimorphism of the branches 
and the extra-axillary position of the floral buds and of the buds that 
give rise to the fruiting branches.^ 

The assignment of the floral bud to the internode below seems to be 
forbidden by the fact that when the base of the pedicel becomes decurrent 
upon the supporting internode the stipule that subtends the pedicel and 
the stipular rim that incloses the base of the pedicel also become elongated 
and decurrent along the side of the intemode. Thus, instead of merely 
a lower insertion of the flower bud, the whole intemode is modified, and 
the nature of the modification makes it clear that the floral bud is borne 
nonnally above the stipular rim. 

Though other families of plants afford instances where flower stalks or 
floral branches remain united with the basal portion of the next intemode, 
it is very difficult to believe that an adnate or coalesced pedicel would 
be able to sunnount the stiinilar rim and climb, so to speak, into the axil 
of the leaf of the intemode with which it had become coalesced. In rare 
cases the pedicel of a cotton boll is joined to the intemode above, but the 
result is clearly abnormal, and lends no support to the theory of coales- 
cence of pedicels and internodcs as a normal condition. (vSee PI. LX.) A 
pedicel that is united with an internode is usually longer than the normal 
pedicels, wliile the intemode is shorter than the others and is turned from 
its normal position to follow the direction of the pedicel to which it is 
attached. There is no tendency in these adherent pedicels to fonn an 
angle or a joint at the end of the intemode, as might be expected if the 
theory of coalescence were correct. 

The presence of a flower hud on the basal itilernodeuf fruiting branches 
offers another difiicuUy under tlie theory of coalescence. If it were 
assumed that each floral bud belongs, not to tlic supporting intemode, 
but to the one lower down, it would necessarily follow that the floral bud 
of the basal joint of a fruiting branch could not belong morphologically 
to the fruiting branch at all, but must be assigned to the main stalk or 
the vegetative branch from which the fruiting branch is produed. This 
supposition would add new elements of complexity to the structural 
morphology of the cotton plant, already sufficiently complicated. 

BRACHYSM ACCOMPANIED BY EASCIATION AND ADHESION 

Further reasons for looking U[X)U bracliysm as a failure of nornial 
differentiation of parts are found in the other abnormalities of ^ 
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branches that oitcn accompany brachytic variations and arc of very 
frequent occurrence in cluster varieties. Fasciation, or duplication of 
parts, appears in many different stages, ranging from simple forking of 
iiUernodes or pedicels to inclusion of two flowers in the same involucre, 
01 two bolls in the same calyx, or to an abnormal increase of the number 

of carpels.^ 

Sometimes the fasciated internodes remain united for their whole 
length and bear two leaves at the end, like the internodes of opposite- 
leaved plants. In rare cases double intemodes bear two flowers or bolls 
though usually the floral buds of abdominal intemodes are aborted (See 
PI. UX.) 

Union between the pedicel of a boll and the next interaode of the fruit- 
ing branch is another abnormality to which reference has already been 
made. Adhesion occurs in connection with brachysm,- though it also 
appears occasionally in connection with short joints in noncluster varieties. 
It is more likely to be noticed in such cases because of the contrast with 
the normal joints of the branch. Doubtless as a result of the fact that 
the pedicel of the floral bud develops normally in advance of the next 
joint of the branch, these adherent intemodes are bent upward in the 
direction of the pedicels to which they arc joined and form a distinct 
angle or elbow with the preceding intemodc of the branch. (See PI. UX.) 
It is evident in such cases that the abnormality invoh’es something more 
than a mere adhesion of the epidermal tissues, for the affected intemodes 
arc much shorter than the others, and eve!i shorter than the pedicel to 
which they are united. In most cases the short joints lose their floral 
buds or young bolls by abortion. 

.^\AUOCA’ BICT\VKi;.\ BRACHYTIC \ ARIATIOXS .\\U HYBRIDS 

Ihe fact that the shortening ot the internodes is so often accompanieil 
by abnormal leaves and involucres suggested the view here advanced, 
that brachysm represents a failure to maintain the normal specializa- 
tions of the parts. Considered as examples of intermediate expression 
of characters, the shortened intemodes and almormal involucres of the 
cluster cottons afford a suggestive analogy with the abnormal interme- 
diate forms of branches and iii\olucres that often api>ear in hybrids 
between diverse species of cotton. This analogy may be supported bv 
die fact that sterility, or blasting of the buds or Uie young bolls, is very 
frequent in brachytic varieties of cotton, as well as in hybrids, and is 
especially common in involucres that have the abnormal intermediate 
Borins of bracts. 

dhe idea that shorL-joiiUed \ ariations differ from the parent stocks 
inj)nly^this one character, as often assumed by writers on .Mcndclisin, is 

fasciation qs a siTiiptum of clccc ncratioii liave tu'cn given by Tliomas Meehan, 
wioin-'p Meehan concluded that ‘ a fasdneed I>r.inch is an iinix>r{«.vt and pre- 

ninpt to enter on the flo^verin[^ nr reproductive stage." 
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evidently not true of brachytic variations of cotton. While it may be 
that the mutations of other plants do not show changes in so many char- 
adters in connection with brachysm, the general fact seems to be that 
mutative changes affect several characters at once, instead of one charac- 
ter alone. It is possible, of course, to disregard the other differences and 
thus simplify the discussion of the Mendelian phenomena by giving 
exclusive attention to single differences, but many of the statements that 
have been made give a very misleading idea of the nature of mutative 
variations.^ 

In normal cotton plants there are sharp contrasts in length between the 
intemodes that form the joints of the fruiting branches and those that 
form the pedicels of the flowers, just as there are definite differences in 
form and structure between the foliage leaves and the specialized leaves 
that constitute the involucre. In brachytic varieties these contrasts 
become less marked. The changes of characters are all in the direction 
of reduced specialization of intemodes. Instead of the normally con- 
trasted expression of the characters of the different kinds of intemodes 
represented in the nomial branches and floral parts, there is a reduced 
contrast or intermediate expression of the characters, resulting in the 
formation of abnormal intemodes. Variations of this kind, resulting 
from intermediate expressions of characters that are normally distinct or 
separate in expression, may be described as metaphanic variations. 
These would form a general class of abnormalities to include brachysm 
and other similar aberrations of heredity. 

BRACHYSM AND HOMOEOSIS 


The nearest approach to a recognition of metaphanic variations as 
representing intermediate expression of characters, as a general factor in 
heredity, is probably to be found in the theory^ of translocation of char 
acters, or homoeosis, brought fonvard a few years ago by Dr. R. G. 
Leavitt. The theory of homoeosis is that "a character or a system of 
organization which has been evolved in one part of the body is transferred, 
ready-made, tc another part.” ® 

The theory of homoeosis might be applied to the phenomena of 
brachysm in cottonj^y considering that a partial translocation or homoco- 
sis had taken place, for the characters of the intemodes, leaves, and 
involucral bracts are intermediate. The leaves become more bractlike, 
the bracts more leaf -like. Rut to represent typical cases of homoeosis 
the leaves would need to be replaced by bracts or bracts by leaves, the 

> “The difference between i tall and a dwarf pea is not the same as the difference between a ^ 

dwarf man. In a human dwarf everything is on a smaller scale than in the normal man. u a 
pea is not simply a miniature edition, as it were, of a tall one — it differs from a tall pea in c*e ^ 

actcristic, the length of the intemodes, i. e., the sections of the stem between two nodes, or joints, 
leaves are given off.’* Darbishirc. A. D. Breeding and the Mendelian Discovery. P- 


New York, 1911. 

t Leavitt, R, G. A vi getative muUnt, and the principle of homeosis in plants. 
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being tha^t of transference of characters from one place to 
another, which is not the same as abnormal or intermediate expression 
of characters, beavitt's idea of homoeosis may appear to be in better 
accord with the Mendelian theory of heredity, which assumes that varia- 
tions arise from differences in the transmission of characters, but meta- 
phanic variations seem to represent differences in the expression of the 
characters rather than differences in transmission. 

The present interpretation of metaphanic variations is based on the 
recognition of a definite distinction between transmission and expression 
as two essentially different processes, though usually described together 
under the general term "'heredity." Characters are often transmitted 
without being expressed in visible form, as Darwin pointed out. Galton 
made a formal distinction between patent and latent characters— that 
is, between characters that are brought into* expression and those that 
are transmitted without being expressed. Latency occurs frequently 
in connection with Mendelian characters and has received much attention 
in recent years, but the importance of the distinction between trans- 
mission and expression is often overlooked and theories of transrrussion 
are often applied to phenomena that belong to the field of expression. 
With this distinction in mind, the idea suggested by metaphanic variations 
like brachysm is not that the characters of one part have been trans- 
mitted in some irregular manner to another part of the plant, but that 
the normal sequence of changes or contrasts in the expression of the 
characters is no longer observed. It is reasonable to believe that all 
the characters are transmitted to all the parts, including those that usually 
do not serve the purposes of propagation. Each of the intemodes of 
the cotton plant is capable of reproducing all the other parts. From this 
point of view the idea of translocation or transfer of characters no longer 
seems adequate to account for abnormal intermediate characters like 
brachysm. It seems more reasonable to think of metaphanic variations 
as arising because the characters arc being confused or combined in 
expression. 

In connection with the theory of homoeosis Leavitt suggested that the 
translocation of characters from one part of the body of a plant or animal 
to another part opened the way to evolutionary changes, and many 
examples were given in support of this interpretation. Intermediate 
expression of the characters, involving a loss of specialization or differen- 
tiation of parts, may also be considered as one of the ways in which plants 
may vary and thus initiate evolutionary changes, but reasons have been 
given already for looking upon metaphanic variations as negative or 
degenerative changes of characters rather than as having progressive 
evolutionary value. Instead of being taken as new characters that 
being added to the mechanism of transmission, metaphanic variations 
mean that the mechanism of expression has become deranged so 
the old characters are not normally developed. 
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The prevalence of abortion in cluster cottons is one of the most striking 
evidences of the degenerative nature of such variations. In strongly 
clustered varieties completely sterile individuals are often found, the 
result of abortion of all the buds or young bolls or of all the buds which 
produce fruiting branches. Yet these completely sterile plants are less 
harmful to the stock than the other less abnormal degenerates that arc 
able to reproduce themselves from seed and also to contaminate their 
neighbors with inferior pollen. That cluster cottons should seem more 
unstable than other varieties and more inclined to the production of 
abnormalities is easier to understand when they are considered as meta- 
phanic variations, representing intermediate expressions of characters 
that are normally distinct. 

AGR I CULT UR Ah REFECTS OF -CLUSTER” COTTONS 

Having considered the general nature of the cluster character of cotton 
and the accompanying variations, we are in better position to understand 
the physiological status and practical value of such forms. The first 
impression of cluster varieties is that they arc more fruitful, for they are 
able to set their buds and bolls more rapidly than varieties with normal 
fruiting branches. But when we have learned that brachysm is in the 
nature of a malformation and is frequently accompanied by raalforma- 
tions of leaves and bracts and abortion of both the floral and the vegeta- 
tive buds, it becomes apparent that the brachytic variants are to be 
avoided by the breeder, especially when they bear other marks of 
degeneration. 

The limited size and more upright habits of growth make it possible 
for more of the short -branched plants to stand in the same area, and very 
large yields may be obtained with favorable conditions of soil and season. 
But if the conditions prove unfavorable, cluster varieties are likely to 
suffer worse than others and to produce smaller crops, so that it is very 
doubtful whether the cluster habit is a practical advantage. The extreme 
forms of clustering are certainly undesirable, for in such varieties many 
of the plants are likely to become sterile through the blasting of all of 
the buds, the tendency to abortion being greatest when unfavorable 
conditions are cnc<4pntered during the crop season. 

Another agricultural consideration is that the crowding of the bolls 
together makes picking more difllcult. This is especially true, of course, 
w’hcn clustering is accompanied by fasciation and other abnormalities, 
so that the bolls are malformed or misshapen. The opening of the bolls 
is also likclv to be irregular, because cluster cottons often produce rnan> 
late bolls on short branches developed from the axils of the lea^cs o t e 
fruiting branches. Such bolls arc usually undersized, as w^cll as late m 
opening. , 

A further objection to the cluster character, especially in 
cottons, is that ihe lint of cluster varieties or of individual variations i 



the direction of clustering is generally inferior to that of adjacent non- 
cluster plants. This may be due to the fact already noted, the greater 
susceptibility of cluster plants to unfavorable conditions, owing to their 
i^st rioted vegetative development. Occasional exceptions have been 
noticed, where cluster plants produced lint as good or better than that 
of noiicluster neighbors, but there can be no doubt that the general 
tendency is in the direction of inferiority of lint. 


CONCbusiOXS 


Brachysin is a term proposed to designate the shortening of the vege^ 
tative inteniodes of plants. It is a hereditary abnormality, indicating 
degeneracy, that has appeared in independent mutative variations in 
many distinct families of plants, including many cultivated forms. 
Brachytic variations are of frequent occurrence in cotton, giving rise to 
the so-called “cluster" and “limbless" varieties, and afford unusually 
favorable opportunities for learning the nature and physiological sig- 
nificance of such variations. 

The shortening of the intemodes of the cotton plant is usually con- 
fined to the fruiting branches without affecting the main stalk or the 
vegetative branches. Brachytic variations occur independently in 
different species and varieties of cotton and do not constitute a natural 
group with a common origin. 

Bracliytic varieties of cotton usually show other abnormalities of the 
iniernodes, leaves, and involucral bracts. There is also an increased 
tendency to abortion of the floral buds, and the blasted buds often 
rcniam attached to the jilant, because of the absence of well-differenliated 
absciss-layer at the base of tlic pedicel. 

Though brachytic variations arise by mutative changes in the expression 
of the characters and show altcniativc Menclelian foniis of inheritanec, 
theya(T«ril no additional support to the general theories of mutation and 
Mendclism as explaining ec'ohition. .Such variations represent reduced 
snccializalioii or intermediate expression of characters and are degen- 
oratue ni nature. They are not to be eoiisiilered as examples of norinal 
herality or of the e\-olution of new characters. The abnormalities of 
racii\tic. \aiiations are analogous to those lound ajnong hybrids and 
arc likewise accompanied by tendencies to sterility or abortion of buds. 

ladixsm is to be associated with other forms of intermediate expres- 
s!on of characters, representitig a general class o( metapliaiiic variation. 

‘ more definite recognition of this class of variations is desirable in con- 
cion with (he invesligation nf general problems of heredity and 
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PLATE un 

Abnormal simple leaf on fruiting branch of Egyptian cotton, accompaniL-d bv 
abnormal leaf-like bract, remainder of involucre and floral bud removed. Natural 
size. Photographed by Mr. G. R. Gilbert. 
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I’LATi: \A\ 

Xornuil leaf uf IjrcUich uf HgyplLiii cuUmu, accoinpaukti by iiorin.i! 

mvolucral braid for comparison with Plate LUl. Xatural size, IMiotographcd b> 
Mr. G. B. Gilbert. 
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1 M,ATK LV 

Abnornial leal of fruiting branch of Egyptian cotton with one stipule ciilarjjcd ami 
the lobe of the same side wanting. Natural size. Photographed by Mr. G. b. Cilbert 
Specimen iron; Bard, Cal., on October 2, 1913. 
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rLATli lA'I 

HniclAlic fruiting »>! "cluster " coltdii t\Vili<.ts Kid Lcufj sjn»ni-ncd lu a 

dn<'k‘ ijitcriUjdi: l>y ;iW)iiioii of tcriTnunl Natural size. KjK>iog!\4;lK-iI by 

Mr”c. B. Doyle. 

Fig. I.— The lx)ll at the right is iionie by a very short l>niiic]i from ;iit axillary bud. 

Pig. 2. — The lx)ll at the right is l>ome by tjie shortenr al fnjiting branch. '^I'hc loh- 
liLiiici boll rLj'jre >^1 uts a shortened l^r.tncl] in ih.e axil of tlu- h t fja.t sulAiiuls the fruat- 
)iig ]>r.uK'i!. 



VLATl' LVH 


Noriii.il .oul bnn,'li) tR‘ joints on s;ihic fniitinj; braiKli yl r^jl.viui colion. Njiurai 
izc. l’h<itoc;ru[>lin(l liy Mr. I^oyK’. S^Kcinu n from Ftanl, ^.il , on Ocitober 






i^LATi: lA'lII 

Hr.-ixjKS oi \ Liriatiuii of I'IjIllikI coiton, with aburtivi.- buds R-niuinijj^ 

to bRoic’us I'jv (kcurTc'nt [Jtidiccls and clongaU tl !>t!<l sciir>. T’k- left-hand 
iir.aali siv)',',-: nlnionn;'.] iiKt|u;dity in the Unpths of thr intvrnodes. 



I'LA’L'K MX 

rurtioii ut bracli}'tic fruiting bruncli. t)l' Simpkins cotton jnotlucing twin kiydaU-ii 
branclus from an axUlarv bnd. ’I lie l;oll of llic next iiiternodc hiis an elongated, 
somewhat tleciurcnt hiLse\ while that of the third inU niode of the branch is aborted 
and shriveled, only the pedicel being shown, at the left of the plate. Natural size. 
Photographed l)y Mr. C ib Doyle. 






PLATE LX 

Portion of fruiting branch of Columbia cotton, with one intemode adnate to the 
ijcdicel of the boll of the preceding intemode. Specimen from Kaaley, S. C. Natural 
size. P]iotngra])hcd by Mr. C. B. Doyle. 



PLATH LXT 

Fig. r. — Plant of Dale Egyptian cotton, showing complete abortion f)f fruiii:]:^ 
branches on the main stalk, while the vegetative branches of the same plain produced 
a few fruiting branches and ripened a few bolls. Plant grown at Bard, Cal. Photo 
graphed by Mr. C. B. Doyle. 

Fig. 2. --End of main stalk of plant sho\nj in figure i, showing abortion of terniin.J 
bud and c'>Tnpens.>tnr)’ thickening of the petioles. Natural size. Photographed In- 
Mr . C. B. Doyle. 






PLATE LXn 

Ends of main stalks of t^v^ plants of Dale Eg^’ptian eotlon, showing simple fruitiu - 
branches and closely similar axillary fniiting branches. In one case the terminal bud 
was aborted, while in the otheT it was transformed into a boll subtended by an abnor* 
mal bractdikc leaf with the stipules enlarged and the blade entire, instead of 5-lobed 
Plants grown at Bard, Cal. Photographed by Mr. C, B. Dovle. 




ability of colon bacilli to survive 
PASTEURIZATION 

S. henry Ayers, BacUriologist, and W. T. Johnson, Jr.. Scientific Assistant 
Dairy Division, Bureau of Animal Industry ' 

INTRODUCTION 

The presence of colon bacilli in pasteurized milk is generally inter- 
preted as meaning either that the milk was not properly heated or that 
it was reinfected after pasteurization by careless handling. This inter- 
pretation is based on the low thermal death point of cultures of Bacillus 
coli. 

Van Geuns (4)^ in 1899 found that the Bacillus neapoliianus of Emme- 
rich, the same organism as the B, coli communis of Escherich, was de- 
stroyed by heating for live minutes at 59° C. (138.2° F.) and one minute 
at 62.5'’ C. (144-5'' F )- Based on the work of Van Geuns, Ringeling ( 6 ) 
examined 75 samples of pasteurized milk from 24 dairies in Amsterdam 
for the presence of colon bacilli. In 1 6 per cent of the samples exam- 
ined he found B, coli present. Since colon bacilli were found in pas- 
teurized milk from 10 of the 24 dairies, Ringeling concluded that this 
proportion (41 per cent) of the dairies in Amsterdam did not pasteurize 
or handle the milk properly. 

During recent years numerous investigators have studied cultures of 
B. coli and found that the organisms were easily destroyed at tempera- 
tures below 60° C. (140° F.), which is the lowest pasteurizing tempera- 
ture. 

In a previous study by the writers ( i ) of the bacteria whicli survive pas- 
teurization 19 samples of raw milk in sterile flasks were heated for 30 
minutes at 62.8° C. (145° F.). Each sample after pasteurization was 
examined carefully for the presence of colon bacilli, but none were found. 

All these results naturally strengthened the opinion that the presence 

B. coli in pasteurized milk might be a valuable index as to the efficiency 
of the process and the care obser\'ed in handling the milk after t!ie heat- 
ing process. 

At times, however, it has been found that high temperatures ^vere re- 
quired to destroy cultures of B. coli. Gage and Stoughton (3) in a study 
uf the resistance of B. coli to heat found that sonietinies cultures were 
destroyed only by heating to temperatures much higher than the usual 
tnermal death point. Heat-resistant strains have been also found by 
Be Jong and De Graaff (5). Certain strains willi which they worked re- 

' Ref<Tcncc lo I.itw.'iUjre cited" is made hy Jiumbcr. p. 409. 
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quired 30 minutes heating at 70^-72° C. (158° to 161.6° F.), in order to 
destroy them. Zelenski (9) also found strains of B. coli which resisted high 
temperatures. 

In view of this uncertainty regarding the thermal death point of j5. 
coli and its relation to pasteurizing temperatures, the following experi- 
mental work concerning the ability of colon bacilli to survive pasteuriza- 
tion was undertaken. The number of cultures used in the experiments 
was 174. 

METHOD OF DETERMINING THE THERMAL DEATH POINT 

The colon cultures were grown first in plain, neutral extract broth for 
18 hours and then inoculated by means of a small-bore pipette into litmus- 
milk tubes. Four drops constituted an inoculation in each milk tube. 
In making the inoculations care was taken not to have any of the culture 
touch or any of the inoculated milk wash upon the sides of the tube, either 
during the handling or during the subsequent heating. 

The inoculated milk tubes, with the exception of the control tubes, 
'were heated in a water bath in which the water was agitated, and the teni 
perature of the milk was recorded in a control tube by a thermometer 
placed in the milk. The temperature in the tubes was not allowed to 
vary more than half a degree in either direction. In all experiments the 
heating period was 30 minutes at a given temperature. After the heat- 
ing, the tubes of milk were quickly cooled to about 10° C. (50° F.), incu- 
bated at 37° C. (98.6° F.), and the reactions recorded after 24, 48, 72, and 
96 hours. Growth in the tube indicated that the organism was not 
destroyed at the particular temperature to which the milk had been sub- 
jected. In every case the tubes w’cre run in duplicate, and in general 
both tubes had to show growth before the test w'as considered positive. 
The only exceptions to this were cases in which only one of the tubes 
showed growth after the highest heating temperature; in such cases one 
tube was considered a positive reaction and the organism was recorded 
as surviving the process. 

This method of determining the thermal death point was used, in order 
to render the conditions of heating similar to pasteurization. 

THE.THERMAL DEATH POINT OF THE CULTURES AS A WHOLh 

Studies were made of the thermal death point of 174 cultures of colon 
bacilli isolated from the following sources; t54 from cow feces, 16 uo'" 
milk and cream, 2 from flies, r from human feces, and r from cheese. {Uk 
cultures were supplied through the courtesy of Mr. L. A. » 

charge of the research laboratory of the Dairy Division.) All ot 
organisms would be classified as colon bacilli according to the u • 
cultural tests for Baallus coli. These cultures, with the 
two not studied and three noted below, were typical colon baci i 0 
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B. coli commtmis or communior type according to the studies of Rogers 
Clark, and Davis (7), also Rogers, Clark, and Evans (8) . The three cultures 
„ot typical were probably of the B. aerogenes type. The cultures were 
heated in milk as previously described to temperatures ranging from 
51,7° C. (125° F.) to 68.3° C. (155° F.). The results given in Table 1 
show the number and percentage of cultures which withstood the differ- 
ent temperatures. 


1 ABLE I. LJfect of heat on colon bacilli — all cultures 


Cullures survivinj;. 

Exposetl for 30 miautes at— 

Si- 7 "C. 

(i2S“ F.). 

54. S* C. 
(130 F.). 

.5 7- 

(> 35 “ F,). 

60* c. 

(> 4 o“F.). 

62.8*0. 
(145" F.). 

65.6* c. 
(150“ F.). 

63.3* C. 
(155^ F.>. 

Number j 

Per cent 

174 

100. 00 

173 

99- 43 

158 

90. 80 

95 
54- 59 

12 

6. 8g 

I 

o- 57 

0 

0 


It is seen from the table that 95, or 54.59 per cent of all the cultures 
survived at 60“ C. (140“ F.). This is particularly interesting, since this 
temperature is the lowest used in commercial pasteurization. When 
heated to 62.8“ C. (145° F.), 12, or 6.89 per cent, of the cultures survived 
This temperature of 62.8° C. (145° F.) maintained for 30 minutes is the 
temperature generally used in the process of pasteurization. Only one 
culture surc-ived a temperature of 65.6” C. (150“ F.), and this culture 
when heated again failed to survive at this temperature. 

These results are shown more clearly in figure 1, where they have been 
plotted. One of the cultures was destroyed at a temperature as low as 
54 - 5 ° C. (130“ F.). It is interesting to note that at 60° C. (140° F ) 95 
of the cultures survived, while at 62.8“ C. (r45° F.) a difference of only 
2.8 C. or 5'= F., only 12 survived. In other words, 87.3 per cent of the 
cultures which sunuved at 60“ C. (.40° F.) were dcstroved at 62 8° C 
(' 45 ° F.). 

It IS very evident from these results that colon bacilli may survive the 
process of pasteurization when a temperature of 62.8° C. (t45° F.) is used. 

V.4RI.4TION IN THE THERiUL DEATH POINT OK THE CULTURES 

wder to determine whether the colon bacilli which survive at 62.8° C. 
d 45 .) would e.xhibit the same ability in repeated heatings, the same 

ures were reheated to that temperature six times, with the results 
shown m Table II. 



Journal oj Agricultural Research voi.iu.j^^ . 





Ki. . , ^ Ciin c showing results oi hcnt.n^j cultu res of colon bacilli for :,o mmutrs at various tcmpcrauio . 

Table U. -Vanatior^ in ih€ ability of colon bacilli io sunkc fasteurnalwn for 
minutes at C (f^5 r .) 


Until IM'iii ^ 

Stvnifi 'Htini. Eoiinl'. I'tftti Sixth. lulu's tubes , 


GV. 

HO. 

HP, . 
IF.. 

IJ 

IL.. 

IN. 

TS. . 

lY. . 

MF. 

MT. 

NV, 



Total cultures 12 

Positive 12 4 




peb' I ’' 
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In the above experiments two litmus-milk tubes \vere inoculated in 
the usual way with each of the 12 cultures and were heated for 30 minutes 
at 62 8° C. (145° 1 ^ 0 ' ^^st experiment shows the record of the 12 
cultures which survived in the determination of the theimal death point 
of the cultures as a whole. When these 12 cultures were again heated, 
only 4 survived, on the third trial 8, on the fourth trial 6, on the fifth 
trial 9, and on the sixth trial none survived. 

These results are important since they show that at 62.8° C. (145^ F.) 
colon bacilli may or may not survive a process of pasteurization. It is 
evident that this is a critical temperature and that occasionally colon 
bacilli may survive, owing in all probability to the resistance of a few 
cells in the culture. This explanation is supported by the figures in the 
summary of Table II, in which is seen the number, of times that both 
the litmus-milk tubes showed growth; also when both tubes were nega- 
tive and when one tube was positive and one negative. 

It may be seen, also, that the same culture on repeated heating does 
not give the same results. It is evident that certain strains of colon 
bacilli have a thermal death point which is close to 62,8° C. {145® F.), and 
although they represent only a small percentage of the cultures we stud- 
ied, the fact that such cultures exist complicates the colon test for effi- 
ciency of pasteurization - 

The apparent scarcity of these resistant colon bacilli and the fact that 
62.8° C. (145° F.) is near their thermal death point explains our failure 
to find them in the samples pasteurized by us under laboratory conditions, 
as stated previously in this paper. 

HEAT RESISTANCE OF COLON BACILLI 

From these results it seems that the colon bacilli as a rule have a low 
majority thermal death point and the cultures sunrive the higher tem- 
peratures only by reason of the resistance of a few cells. 

Gage and Stoughton (3) found this to be true of a few cultures which 
they studied, and although they tried to breed a race with a high majority 
thermal death point, their efforts were not successful. We have also 
tried to breed a resistant type, but thus far without success. 

In our experiments the thermal death point determinations were made 
in duplicate tubes of litmus milk, and the a])pearance of growth was 
recorded after an incubation period of 24, 48, 72, and 96 hours. In every 
case control tubes not heated showed a marked acid reaction in 24 hours, 
but in the heated tubes with the same inoculation tlie growth was often 
delayed, so that sometimes no reaction was noticed until after 96 hours, 
incubation. When the reaction was delayed, it showed that a portion of 
the bacteria in the milk were destroyed by the heating. When the heat- 
ing has little Or no effect, the heated tubes should show a ]X)sitive reaction 
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in 24 hours the same as the control tubes. In Table III we have recorded 
the percentage of cultures which gave a positive reaction in both of the 
litmus-milk tubes and in only one milk tube after different periods of 
incubation and when heated at different temperatures. 

Table III-— Effect of heat in relation to the time required for cultures to show growth 



From the table it will be seen that 92,75 per “"t of the cultures 
showed a positive reaction after 24 hours’ incubation in both of the 
dupUcate tubes when heated at 54,5'’ C, (130° F.). After 48 hours' 
incubation 5.8 per cent more of the cultures showed a positive reac- 
tion in both tubes, while 1.45 per cent showed a positive reaction 111 
only one of the two tubes. At 62,8° C, (145“ ?,), however, only a small 
percentage of the cultures were positive after 24 hours. The majonh 
required from 48 to 72 hours’ incubation to show growth, Thisshovs 
that a large proportion of the cells were destroyed so that a longer nicii 
bation was necessary to allow bacterial increases sufficient 1° * 

positive reaction. These facts are further supported by the differences 
in the number of cultures in which both duplicate tubes showed a posi i^e 
reaction. At 62.8° C. (145“ F.) only a small percentage of the culwra 
showed a positive reaction in both tubes, showing that in niaii> ca 
all the bacteria in one tube were destroyed, while in the- diip ica c 

a few cells only survived. , , , „.=istaiit 

It is of interest to note that the colon bacilli are less heal-rtsistam 

than the streptococci, as is shown in a previous paper (2). 
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the presence of colon bacilli as a test of the ffficift^ 
OF PASTEURIZATION '--'■I’lCIENCY 

The growth of colon bacilli which survive pasteurization is a matter 
of considerable importance, particularly when the presence of B coli 
in pasteurized milk is considered as an index of the efficiency of the 
process. We have therefore studied the effect of pasteurization at 62 8“ 
C. (145° F-) on two cultures of colon bacilli which were known to be able 
to survive heating at that temperature. Flasks of sterile skim milk 
were inoculated with several cubic centimeters of an i8-hour-old broth 
culture of a colon bacillus. The number of bacteria in the milk was 
determined before heating and again after the pasteurized milk had been 
allowed to stand for 24, 48, and 72 hours at room temperature. The 
bacteria at the end of the 24-hour period were determined by placing as 
high as 3 cubic centimeters in large petri plates. Table IV shows the 
results of an experiment with the two colon cultures, GV and HO Three 
flasks of milk were inoculated from each culture with the same amount 
of broth, but a bacterial count w^as made on only one of the three flasks 
before heating. 


Table l\\-Growik of Bacillus coli in milk heated for 30 minutes at 62.8° C. F \ 
and held at room temperature ■ ^ 


Numlxrr of bjctcna ix;r culriu centimeter. 

After pasteurization. 


GV, , 


HO.. 



I may be seen from the tabic that, although tlie cultures survived the 
pastcunzation at 62.8“ C. (.45- F.), tlrere was a very great cell destrnc- 
■on, as the bacterial count after the flasks had stood for 2+ hours at 
room temperature was very low. However, in 48 hours' lime there was 
y arge bacterial increase and even more after 72 hours 

the except that 

The relultf in *■' “ ^ (46-4° F.). 

cells wE; f , ^ ^ ® ficstruction of bacterial 

survived h P'acc during the beating process. .A few bacteria 

u ver) little increase took place at the low temperature 
75012°-1o 5 
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Table Growth of Bacillus coli in milk heated for JO minutes at 62M° C. p. 

and held at 8 ^ C. (46-4° ‘ 





Number of bacteria per cubic centimeter. 


Culture 

No. 

Flask. 

Before pas- 
teurization. 



After pasteurization. 




1 day. 

2 days. 

i 

3 days. 

4Ui-9thday. 

3 weeks. 

4 weeks. Uweeis, 

GV 

I 

4iOOOrOOO 

0 in 3 c. c. 

0 in 3 c< c. 

0 in 3 c. c. 

0 in 3 c. c. 

5° 

10 join3c.c. 

HO 

! 3 

1 

y,ooo,ooc| 

i 

I in 3 c. c. 

I in 3 c. c. 

cin 3 c- c- 
oin 3 C.c. 

0 in 3 c. c. 
0 in 1 c. c. 

o inj c.c. 

0 in 3 c. c. 

i^OQO 

500 

^ joiaac.c. 
70 jQin 3 c.c. 


The relation of these results to commercial pasteurization can be 
plainly seen. Milk is pasteurized usually at 62.8° C. (145'' F.) for 30 
minutes and in subsequent handling is kept at various temperatures 
from low to high, depending on conditions, until it is consumed. In 
view, therefore, of the results of our experiments, it is possible to explain 
the presence of colon bacilli in pasteurized milk on the ground of their 
ability to survive the process. 

These results, however, indicate that colon bacilli survive pasteuriza- 
tion on account of the resistance of a few cells and not because the 
cultures have a high majority thermal death point, in which case a large 
number of cells would survive. Since it is apparent that colon bacilli 
have a low majority thermal death point, we should not expect to iind 
large numbers of these bacteria in pasteurized milk immediately after 
the heating, process. If this condition is found we should believe from 
our results that the presence of the bacilli would indicate inefficient 
heating or a heavy reinfection. 

We must call attention to the fact that these opinions are based on a 
study of 174 cultures of colon bacilli, and consequently, while they 
represent a considerable number of strains of BaaMus coli, it is possible 
that a study of still more cultures might yield different results. It is 
not improbable that colon bacilli with a high majority thermal death 
point do exist, and if such is the case large numbers might be found 
immediately after pasteurization. 

SUMMARY AND CONCLUSIONS 

(i) The thermal death point of 174 cultures of colon bacilli isolated 
from cow feces, milk and cream, human feces, Hies, and cheese showed 
considerable variation when the cultures were heated in milk for 30 
minutes under conditions similar to pasteurization. 

At 60° C. (140° F.), the lowest pasteurizing temperature, 95 cultures, 
or 54.59 percent, survived; at 62.8*^ C. (145® F.), the usual temperature 
for pasteurizing, 12, or 6.89 per cent, survived. One culture 
destroyed at 65.6^ C. (150° f^.) on the first heating, but in repeated exper 
ments it was always destroyed. 
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/ 'i There is a marked difference in the effect of heating at 60*^ C. 
qO f.) and at 62.8° C. (145° F.)- Although there is only a difference 
y go c , or 5° F., 87.3 per cent of the cultures which survived at 60° C. 
hio® FO were destroyed at 62.8^ C. (145'" F.). 

{ ^ Considerable variation was found in the thermal death point of 
tbe^colon bacilli which survived 62.8'=' C. {145^ F.). When the 12 cul- 
tures which survived were heated again at the same temperature, it was 
found that many did not survive and in each repeated heating different 
results were obtained. 

It seems evident that 62.8° C. (145° F.) maintained for 30 minutes is a 
critical temperature for colon bacilli. 

Among the 174 cultures studied all were found to have a low 
majority thermal death point, but were able to sundve pasteurizing tem- 
peratures on account of the survival of a few cells. 

(5) The colon test as an index of the efficiency of the process of pas- 
teurization is complicated by the ability of certain strains to sur\rive a 
temperature of 62.8° C. (145° F.) for 30 minutes and to develop rapidly 
when the pasteurized milk is held under temperature conditions which 
might be met during storage and delivery. 

The presence of a large number of colon bacilli immediately after the 
beating process may indicate improper treatment of the milk. 

(6) If milk is pasteurized at a temperature of 65.6° C. (150° F.) or 
above for 30 minutes, we should not expect, from our results, that any 
colon bacilli would survive. Consequently under such conditions the 
colon test for the efficiency of pasteurization may be of value. It must 
be remembered, however, that a study of more cultures may reveal 
strains of colon bacilli that are able to sur\dvc this and even higher tem- 


peratures. 
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fitting logarithmic curves by the method of 
MOMENTS ‘ 

By John Rice Miner, 

Compitkr, Maine Agricultural Experiment Station 

WITH AN INTRODUCTORY STATEMENT ON THE USE OR LOGARITHMIC CURVES IN BIO- 
LOGICAL AND agricultural INVESTIGATIONS BY RAYMOND PEARL BIOLOGIST 
MAINE agricultural EXPERIMENT STATION 


INTRODUCTORY STATEMENT 

The use of log^rithinic curves in the analysis of various kinds of 
biological and agricultural data is rapidly becoming ^videspread and 
general. It was first shown by Lewenz and Pearson (13, 22) ^ that the 
growth of children followed a logarithmic curve. The present writer 
(17) demonstrated that the phenomena of growth and differentiation in 
Ceratophyllum also followed a logarithmic curve. Donaldson (2, 3, 4, 
5, 6) and Hatai (8, 9, 10) in a series of papers dealing with the growth 
and quantitative relations of the whole organism and its various parts 
in the white rat and the frog have shown that the same law holds for 
growth in those forms. 

Other biological phenomena than growth follow a logarithmic law. 
Pearl (14), in a case of regulation of the shape of abnormal eggs, and 
later Curtis (1) for normal eggs, have shown that the changes in size and 
shape of successively laid eggs are graduated with a logarithmic curve. 
Work now in progress in the Biological Laboratory, Maine Experiment 
Station, of which only a preliminary notice has yet been published (15), 
shows that generally the change in milk flow with age in dairy cattle is 
logarithmic. Several years ago Holtsmark (12) pointed out that the 
reladon betwep the number of food units required and the milk yields 
of different animals was logarithmic. 

From this incomplete review of the literature recording the use of 
logarithmic curves in biological and agricultural investigations it is clear 
that the workers in these fields will, as time goes on, have increasing 
need to be able to handle these curves easily and critically. 

Up to the present time the only available method of fitting logarithmic 
^r\'es was that of least squares. Several years ago Pearl and NIc- 
Pheters (16) published a set of tables intended to lighten materially the 
abor of fitting such cur\*cs by the least- squares method. For a long 
time, however, the writer has felt that it would be highly desirable to 
ring this class of curves into the general system of curv'e fitting worked 
out by Pear^n (18, 19, 20, 21, 23), and known as the ''method of 
moments. ihe theory of the method is extremelv simple, involving as 
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it does only the assumption that if we equate the area and moments f 
a theoretical cur\^e to the area and moments of a series of observatio^ 
we shall get a reasonable fit of the curve to the observations. Experien ^ 
with the method in the hands of different workers in England and Ame? 
ica has abundantly demonstrated that this assumption is entirely iucf 
fied in the fact. ‘ ^ 

In the papers cited, and in others also, Pearson has given the equation 
for the calculation of the constants from the moments in the case of 
(a) skew frequency curv’es in general, (b) sine curves, (c) parabolas of all 
orders, (d) the point binomial, (e) hypergeometrical series, etc. There 
has been lacking, however, the determination of the equations connect- 
ing moments and constants for the general family of logarithmic cur\'es 
of the 13-4)0 

y = a + bx -f -f dlog(j;; 4- rr) 

and its modifications. I suggested some time ago to Mr. Miner that he 
attack the problem, which, while theoretically simple and straightfor- 
ward, proved rather laborious in the actual carrying out. This he has 
done, with the results set forth in this paper. 

Raymond Pearl 


MOMENTS OF A LOGARITHMIC CURVE 
GENERAL CASE 

Let >3* • ■ • p yjtr “ • • » >'m t>c a series of ordinates with cor- 
responding abscissae x,, X3, . . . , x*, . . . to Avhich is to be fitted 

the curve y=ai-bx-\-c log,^3c. 

Let the unit of calculation = x^ — x^ and the origin be placed at 
21, — Xj. The abscissae expressed in units of calculation and taken from 
the new origin will then be i, 2, . . . , calcu- 

lating the moments each ordinate must first be multiplied by the base, 
of the rectangle of which it is the mid line. Otherwise the mo- 
ments will represent not the whole area, butstripsof unit base of which 
the ordinates are the mid lines. For the first three ordinates hj.^ is 

I, I, 2jc' 3— 5, respectively; for higher ordinates it is found from the 
equation = — ... - (- i)* (- i)*= 5. The 

upper limit of the area is given by . . . -(— 2x\-\- 

(„i)fc ^ = where / is the integral and q the fractional portion of 
the numlKT. 

Let A/fl represent the nth moment about the origin as above chosen. 
Then 

(i) 

n+i (nVi)l 


(/ + ?)” 


J log,(/+< ?) 

1 n+i (n+ 




4 c logipP 
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Putting n-o, i, 2, successively, we obtain the three equations which 
behig solW give us the constants of the curve: 

M.=a(/+?-0+;[(^+9)'-3 

r I I I 1 (”) 

+cIog„«j^(/+?) log, (/+?)-- log, -+--(/+(j)J 

r V 1 I I 1 "1 ^ ^ 

+ 2 ^og,oC^(;+9)' log, 

+ 5 log.„ e^(l + qr log, (/ + ?) -| log, i + ~ j(/+?)>J 

Multiplying equation ii by i and by j^(; + ?)“ + i (i + ?) + i J 


and subtracting from equation iii and iv, respectively: 

2M,-(/ + 9 + 0M. = |(<+?-^) 

+ ‘~log,„ e[(^ + ?){log« j->og« (^+?)[ + (^+?)’- J 
3M3-r('+?)'+5('+?)+jVo=J6+?+;)(^+?-0 

L ^-1 1 ('vd ) 

log,, <:[(;+?) (/+? + 0 { ~ r 3 

Multiplying equation v by ^ ^ and subtracting from equation vi : 

6 [a/, - (^; + q + 0 Af,] + [(/ + 9)* + 2 (' + ?) + j] 

= ^log.,c[(^ + 9)(' + ?+9|log, (/+?)-log, j[ 

6r6+g4--^A/i-iV/,l“r(/+?)^ + 2 (/+^) + 'T'fo 

c— —|= La £Z J — L=_ — ~T\I (viii) 

i[('+7)('l+9 + j)(log,.;-log„ (/+7)j + ^(^+<?-j)[(' + ?)’ 

+ 5 (^+?) + ^}log„'’] 
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-j{(/+9)(log,„ “-log,o'+?)+(^ + ?'-;^)^09.o «}] 

log.o ^ -(^ + 9- e}] 


(ix) 


(X) 


SPECIAL CASES 

In the preceding section the simplest form of logarithmic curve in 
practical biometric use is considered. Extended experience in the Bio- 
logical Laboratory of the Maine Experiment Station has shown that this 
simple form of the curve is only rarely adequate in the fitting of biological 
data. Usually one or the other, or both, of two modifications is found to 
be necessary before a suitable logarithmic curve is found. One of these, 
first used in biometric work by Pearl (17), in his studies of the growth of 
Ceratophyllum^ later by Hatai (8) and others, is to add another constant, 
nr, so that the equation then becomes 

y=a+6x-f clog(x+«). 

The second modification is made by adding a term in to the equation. 
This modification is necessary in the wide range of cases where, after 
reaching a maximum, the values of the ordinates decrease with increasing 
values of x. This curve with the term was first used by Pearl to 
describe the change in shape of successively laid eggs of a particular hen 
(14). A logarithmic curv^e of this type 

y = a+6jt + cx^ + d log X 

appears, from rather extensive experience in this laboratory, to be the 
general form of expression of the quantitative changes in an organism 
throughout its life — that is, including both growth and senescence 

The equations for determining the constants of the curve 

y = a + 4 cr* 4- log,(^ 

are as follows : 

|2oA/ 3 - 30^/+ ^ 4 4 3[4(/+ 6(/ 4 9) + i]Mi I 

f 2 [ (^ + 9) I (' + 9)’ + 5 (^ + 9) + ^ j { log.oj - >og.o(' + 9 ) 

I +i{(/+?)*-i|j(/+?)Hi 4 {^+ 9 ) + ^j>ogi«^] 


(xi) 
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d 

2 

1/ 


'/ //f / i\ / \ 

(/+ q) ^/+ q + - + q~ log^, 0 

(l + q‘ + ^l + q^- ^^+'?-01og,(,<;jJ 

(;+?)log„(;+^)-ilog,„i-(^;+,_0]og^^e|J 


(xii) 


/+? 
-d 


(xiii) 


(xiv) 


For the curve 

>» = i; + 6.r + c log,„(*+ nr) 
the equations for determining the constants arc: 


(XV) 


((«' + j)(H ? + «)(/+ 9+ 2'l'+i) [log„(^«+i^- log^,(/+^+«)l 

| + (^ + 9- j (f+ 9 )“+ 5 {f+ 9 ) I + 2 'yf+ 9 + 0 + 2 «'Jlog,„cj 

6 

(xvi) 

- log.;/ + 9+ nr^ + ‘ + 2„ + i^log,„ej J 


^ ' [^'^0 - - { (^ + 9)^ - ^ j - f { (/ + 9 + '*)log,„ (/+?+«) 

“ (xvii) 

+ 2)’°S.o("’ + 0 -(f + 9- ^)>og,0 e j j 

third moment an equation might also be derived for 
however* is a somewhat complex logarithmic 
s^niP^^^K”' which or can be obtained only after much labor, it has 
]g^|. ^ determine or empirically, as in working by the method of 
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ORDINATES EQUALUY DISTRIBUTED 




Up to this point we have considered that the ordinates were distributed 
at any irregular points on the base line. In the usual case, however, they 
will, of course, be at equal intervals from one another. When theordi- 
nates are given at equal intervals, i. e., when ^ J 

I becomes equal to the number of given ordinates, 9=^, and the 

equations for the constants can be put in a somew^hat simpler form. 
For the curve y=a+6x+c logj^. 


c = yi[6{(/+ i-5)^'lfo] (xviii) 

^ ^ [2 ^ ^ ^^ 0 *“ (xix) 

I , , /d" I , • 

a^jMo (xx) 

where 

j, = 2|^(/ + 1)(^/ + 0 { log.oj - 'ogio(^+ 0} + ^ (^ + « + 3 )log,. f j 
h = + ^)og.o(' + 0 " 2 

For the curve y = (7 + fcr + c.F + <i logio* ' 

(i = y,[2o.V/,-3o(/+ OA/j + ;sMi-;VW„l (xxi) 


c = ^°[6{.U,-(/+i)Af,}+(F+3^+i.5)Mo]+;>; (nxii) 


fc = ^ [2 M I - (/ + I ) M„] - (^ + I )c - ;,<i (™»' 

where 

i.= (i+i){p+ 5 i+l) 

;>f Q(^+ o(/+ -iog.{/+ ■)l+i('’+«+3)>og.. ^ 
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From the foregoing it is evident that since the /'s involve only i anH 
,vith equal intervals for the ordinates I will always be some inte^r the 
values of the j s for a senes of values of I can be tabled once for all ’ and 
in this way a great deal of labor saved in the ordinary fitting of logarithmic 

curves. Accordingly tables of the j’sand of /= + 3f+i.5, and^have 

been prepared and are given in an appendix at the end of the paper 
For the curve j'=o + te+c logio (x + rr) : 


6[M, - (/ + I )M,] + (f + 3/+ 1 

n'(/+2«') (/+«'){log,„(/+a') -log,<i«'} - 1 2 a 7 + 1 aer'^llog,,!; 

(/+ I )M, - c^a' (/+«') (log,„ar' - logj^ + rr') 

+(7 + *'^)log,„«}J 

where = 


(xxvi) 

(xxvii) 


ILLUSTRATIONS OF THE USE OF LOGARITHMIC EQUATIONS 

In order to make clear the use of the above equations, some numerical 
illustrations will be given. 

Let us first consider the data contained in Table L These give the 
mean milk production in pounds over a 7-day period of Holstein-Friesian 
cattle at different ages. The data are taken from the official 7-day A. R. 
0. record of the Holstein-Friesian Association (i i). The laborious task 
of extracting and tabulating these records and calculating the means was 
carried through by Mr. John W, Gowen, with the assistance of Mr. S. W. 
Patterson and Miss Anna B. Perkins, all of the Maine Experiment Station. 
In future publications from this laboratory these figures will be further 
dealt with, but here they are used solely for purposes of illustrating the 
method. 


Tahi.i; J,~Mea7i ^-day milk production of Holstein-Friesian cou f at different ages 


Agr. 

Number 
o( cows. 

Mean pro- 
duction. 

Age 

i 1 

Number Mean pro- 
, of cows. ; duction. 

1 yr. 6 mo. to I vr. ii mo 
jyr. toayr, ^mo. 

i*o0S 

Pounds. 

200^6 

' R yr. lo 8 yr. 5 mo, 

8 yr. 6 mo. to 8 yr. tt mo 

9yr. looyr. s mo 

1 9 yr. 6 mo. to 9 y^r. 1 1 mo 

j 10 yr. to 10 yr. s mo 

434 

Pounds. 
467.0 
4666 
464.6 
462. 5 
46a 7 
46& 9 
4 SS** 

2 yr. 6 mo, to 2 yr. 1 1 mn 

3 yr. to 3 yr. s mo . , 

S .330 

347 - 0 

43 » 

349 

S yr. 6 mo, to 3 yr. 1 1 mo 

4 yr. t0 4yr. 4 mo. . . 

i, 9 SO 

407.9 

*43 

*49 

4 yr. 6 mo. to 4 yr. ri mo 
syr. to 5 yr. 4 mo. . 

b 5 <*S 

447 - I 
4 S 7 - 5 

464- s 
466- 3 
468.0 

1 10 yr. 6 mo. to lo yr. ti mo . . . | 
ti yr. to II yr. smo 

137 

7a 

pr.fimo. to 5 yr. n mo. 

® 3 r, to 6yr. 5 mo. 

882 

850 

Me 

] 1 1 y'r. 6 mo. ton yr. x i mo . . . ' 

1 12 yr. to 12 yr. 51110 

i 12 yr. 6mo. to uyr. II mo. 

13 yr. to 13 yr. s BIO 

* ij yr. 6 mo. lo 13 yr. ii mo. . . 

14 yr. to 14 yr. s mo 

67 

37 

453-7 
446 - * 

Jyr.fimo, tQ6yr. 11 mo 

7 yt. to 7 yr. ^ mo. 

3 S ; 
20 : 

444*0 
443 - > 

448-7 

440.0 

TK.emo. to^yr. rimo 


466.6 

10 i 





problem now is to fit bv the method of moments a logarithmic 
of the form 


>' = a + -f -f (/ log * 
milk production means. 
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The calculations to obtain the moments are given in Table II. 


TabIvE II. — Calculation of moments for data on Holsiein-Friesian row in original fonn 


Age. 

y 

y' 


j'l' 

y'x'* 

y'l''-' 

X yr. 6mo.to i yr. 11 mo. . 

290 - 6 

326.06733 

I 

326. 06732 

326. 0673 a 

326. 0673 j 
1,922.63304 

20,847. 54538 

3 yr. to » yi. 5 ino 

316. 7 

340. 33913 

a 

480. 65826 

961. 32652 

3 yr. 6 mo. to 3 yr. 1 1 mo. . 

347 - 0 

401. 76094 

3 

I, 305. 38283 

3,615.84846 

3 yr.t03yr. 5 mo 

376.0 

361. 44305 

4 

2 , 445 - 77aao 

5,783*08880 

^ 3 , ' 32 . 35520 

3 yr. 6 mo. to 3 yr. n mo. 

407.9 

407.9 

5 

a, 039. 5 

20,197. 5 

50,987 . 5 

4yr. t0 4yT. 5 mo 

428- 3 

438. 2 

6 

3,569- 2 

25,425*2 

92,491.2 

4 yi. 6 mo. to 4 yr. ix mo. 

447 - r 

447 - a 

7 

3,229. 7 

31,907.9 

153.355-3 

5 yr. to 5 yr. S *“<> 

457 ' a 

457 - a 

8 

3,657-6 

39, 360- 8 

234,086.4 

5yr. 6mo.tosyT. rr mo . 

464.3 

464.1 

9 

4 , 277*8 

37 , 600 . 3 

538,401.8 

6yT. to 6yr. s “o 

466.3 

466. 3 

10 

4.663.0 

46,630- 0 

466,3000 

6yr. 6mo. to6yr. 11 mo. 

468.0 

468.0 

II 

5i 248*0 

56, 628. 0 

622,9080 


466.6 

466.6 

12 

5.599. 3 

67,290*4 

806, 284. 8 

7 jt. 6 mo.to 7 yr. XI mo. 

466.6 

466.6 

13 

6,065. 8 

78,855.4 

2,035, 120. 3 

8 yr. to 8 yr. 5 mo 

467-0 

467.0 

24 

6,538-0 

92,532*0 

2,281.448.0 

8yr. 6 mo. to Syr. ii mo. . 

466.6 

466.6 

25 

6,999.0 

204,985.0 

1 , 574 - 775-0 

ayr.togyr. s dm 

1 464*6 

464.6 

16 

7 , 433-6 

118,937. 6 

2,903,001.6 

93T. 6mo. tog yr. n mo. . 

i 463.5 

463. 5 

27 

7,863.5 

133*662.5 

2,372,263.5 

10 yr. to 10 yr. s mo 

1 460.7 

; 460. 7 

18 

8, 393. 6 

149, 366. 8 

2,686,802.4 

10 yr. 6 mo. to 10 yr, 11 mo 

'! 460. 3 

1 460. 2 

19 

8, 743. 8 

1^,133. 2 

3,256.511.8 

ti yr. to II yr. s mo 

; 455 * a 

455 * a 

30 

9, 104.0 

182,0^0 

3,641,600.0 

iiyT.6mo.to II yr. ximo 

453 * 7 

453*7 

31 

9 i 5 a 7 - 7 

300, 081. 7 

217,364-4 

4,301,715,; 

ij yr, to la yr. 5 mo 

449 - I 

1 449 " 1 

33 

9,880- 2 

4 , 782,016.8 

13 yr. 6 mo. to 13 yr. 1 1 mo 

i 444.0 

1 436. 81041 

33 

9,816. 63943 

325,782. 70689 

5,293,002. 25847 

isyr. to 13 yr. 5 mo 

443 * a 

i 5^3* 54250 

34 

12,315. 4 X »0 

295,570.08000 

7,093,681. 91000 

i3yr.6mo. to 13 yr. ix mo 

1 44 & 7 

340 * 49788 

*5 

8,512. 44700 

313,811. 17500 

5,320.279.37500 

14 yr, to i4yT. 5 mo 

440.0 

1 493 * 70238 

36 

13,836. 33588 

333,74a- 13388 

8,677,295.45488 

Total 


! ii. 3 « 5 - 45261 


158.369*72391 

2.806,320.01587 

55.610,556.60929 


For reasons which need not be considered here it is usually desirable 
to use corrected rather than raw values of the moments. Here we have 
used one of Elderton’s (7) correction methods. The column headed / 
is obtained from the y column by Elderton’s formula V=— i. e., by mul- 
tiplying the first and last ordinates by 1.1220486, the second and last but 
one by 0.7588542, the third and last but bvo by 1.1578125, and the 
fourth and last but three by 0.9612847. 

From this table we have atonce Mo= i i.3*5-4.526i ; 1/, - 158,369.72291; 
Af, = 2.8o6, 320.01587; ^3 = 55.610,556.60929; /==26. 

Substituting these values in the equations xxt to xxiv for the curve 
y = a-\-bx+cx^ + d log the following values for the constants are found: 
d — 0.000096940 (20M5— 810^24-8907^4 — 2 1829. 5A/0) = 259.83317 
c = 0.000025250 (6.V/2— i62M4 4-755.5.Vfo) + 0.0024102^= — 0.0533. 

6 = 0.00034137 (2Mj-27A/{>)-27c-0.O44239d== "6.225. 

0 = 0.0384615^0- 13-5ft-238.58333.3c" 1*022111^=266.38. 

The final equation then becomes 


y = 266.38— 6.225* — o.0533x*+ 259.833 

The ordinates calculated from this equation in comparison with the 

observations are given in Table IV. c/v/nnd 

Before proceeding to any discussion of the fit, let us 
example, where the ordinates are at irregular intervals. cvample. 

taken for illustration are the same as those of the ® gjnbined 

except that certain of the observations have been arbitranly 
and the new values so obtained taken as ordinates. Table 


> It is to be noted that the coefficients as given by Eldcrtoo (7. P- ^ 7 ) 


iocofTCct id the last figure. 
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how this combination has been carried out, and also the calculation of 
the moments from ordmates at irregular intervals. Since in this instatiop 
the four ordinates at each end are regularly spaced, Elderton's formula 
V may be used. When the end ordmates are not regularly spaced this 
is not applicable, and the ordinates may without serious loss of accurarv 
he left unmodified. 

TablK m.-Cakulation of momenU for data on Holstein^Friesian cous with oroubivn 
of certain ordimtes ^ ^ ^ 


Ape. 

y 


k 




+ 

^j-, y’x'^ 
k 

I yt. 6 mo. to I yr. irmo... 

zgo. 6 
316- 7 
347-0 

376.0 
407.9 
428. 2 

452. 1 
466.3 
466.6 
466. 1 
462. s 
46a- 7 

456-4 

449- I 

444.0 
443- 2 
44«. 7 

440.0 

336. 07 

[ 

336t07 

I 

326. 07 

326. 07 

326. 07 

, yr. 6 mo. to 2 yr. n mo.. . 

401- 76 

.161.44 
407.9 
428. 3 
452- r 
466. 2 
466.6 

466. I 
462. s 
460. 7 

456-4 


401. 76 

361. 44 

407-9 
428. 3 

904-3 

I) 398-5 

933- 2 
2^398-2 

1 462. 5 

1 460. 7 

i 1-369-1 
449. 1 

426. 81 
SiJ-14 
340-50 

493- 70 i 

3 

480. 66 
1,205. 28 

961.32 

3,615-83 

1,922.63 

10,847.55 

, yr- b mo. to j yr. n mo... 


s 

1,445- 77 
2-039. 5 

2, 569- 2 

6, 782. 25 

13,985-0 

11,665. 0 

5,783.09 

10,197- 5 

23,132-35 

50,987-5 

4yi,6mo. tosyr. smo., .. 
jyr. 6 mo. to6yr. ii mo... 

, vr tn 1 II mo 1 

2 

3 

7‘S 

10 

15,415- 2 

50,866. 88 
139, 850. 0 

92,491. 2 
381, 501. 56 
1,398,500.0 

g yr to 9 yr< s mo, | 


*5 

17 

145,812.5 

1,822,656. 25 

gyr, 61110, tog yr, it mo., . 

10 yr to yr* 5 mo. . 

r , 

20:973-0 

7,862.5 

314,595-0 

133,662. 5 

4,718,925.0 

2,272,262.5 

loyr, 6nJo, to ir yr ix mo. 


20 

8, 292. 6 
27,382.a 
9.880.2 

9, 816, 614 

149, 266. 8 
547, 640. 0 , 

2,686,802. 4 
10,952,800.0 

13 yr y^- s ■ * 

12 yr. 6 mo. to iz yr. ii mo. 

13 yr to 13 yr. s mo 

426 Si 
523- 14 
340 50 

‘ i 

I 

n 

217,3^-4 

225,782. 70 : 

4,782,016. 8 

5, 193,002. a6 

13 yr. 6 mo. to 13 yr. ii mo. 
14. yr to yr. j mo. . . . 

I ; 

*4 

25 

36 

12,313. 42 
8,512. 45 
12,836. 23 

295,570-08 

212,811. 17 

7,093-681.92 

5,320,279.37 


493- /O 

* 

333- 742. 13 : 

8,677.295. 45 

Total 




1 


0 1 

2.803,263,19 

— 

1 

1 


- .-45 

1 

158.369, 77 

155.479.430.81 


From Table III vvc have the following values: i ^3i5-45; M = 

^ 58 t 369 - 77 i ^2^2,803,263.19; ^5 = 55,479,430.81 ; /+^=26.5- ’/ = 26‘ 

9=0.5. ^ 

Substituting these values in the equations xi to xiv, we obtain: 
t/=o.oooo9694o (2oA/3~ 810.^2 + 8907^/^-21,829.54/0) = 245.67899. 
^"^0.000025250 (6Mj— 162M1 + 755. 54/^1) + 0.0024102^= —0.1338. 
6=0.00034137 (24/i-274/o)-27c-o.044239d= -3.425. 
^"^^3846154/0- I3-5^>“238. 583333c— 1,02211 1^ = 262.26. 

The final equation then becomes — 


y- 262.26- 3.425X- 0.1338x^ + 245.679 logjt^. 

Table IV compares the fit of the two cur\'es calculated by the method 
of moments with that of the curve fitted by the method of least squares, 
it IS apparent that the two methods give results of substantially the same 
accuracy. By the method of moments the root mean -square error is 
greater, and the mean error less than bv that of least squares. Neither 
aiifcrence is, howe\'er, large. 
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Tabi^E IV . — Comparison of the graduation of data on Holstein-Friesian coivs by dW 

methods 



I 

1 

By least squares. 

1 

i 

By mo) 

(irclinatcs at c«nial 
intervals. 

Clients. 

Ordinates at unequal 
intervals. ‘ 

y from 
data. 

y from 
curve. 

A 

i* 

y from 
curve. 

J 


y from 
curve. 

J 

J’ 

r, - 

! 390. 6 

373. 1 

+ 185 

342. »5 

360. 1 

+30.5 

930. 25 

2587 


" 

t 

316.7 

332-3 

-15.5 

34G. 2 5 

332.9 

-15.3 

231.04 

3288 



3 

347- 0 

366.9 

-19.9 

3^ 01 

371. 2 

— 24. a 

585* 64 

3680 


146. 4t 

4 

‘ 376-0 

391.2 

-15*1 

22801 

397-1 

— 21. 1 

445-31 

39+3 

-183 

441. uo 

5 

! 407.9 

409- 3 

- 1.3 

1.69 

415-5 

- 7.6 

57* 76 

413-5 

— 5.6 


6 

I 428. 2 

423.4 

+ 4.8 

23.04 

429.3 

— 1,1 

1. 21 

428 1 

+ .1 


7 

447- 1 

434- 7 

+ 13-4 

253 76 

439- 8 

+ 7-3 

53* 29 

439-3 

+ 7.8 


8 

457- 2 

443.8 

+ 23-4 

279-56 

447.8 

+ 9-4 

8836 

4482 



9 

464. 2 

4SI. 2 

+ 13.0 

169.00 

454-0 

+ 10-2 

104.04 

4SS-0 



10 

466.3 

457- 7 

+ 86 

73*96 

4586 

+ 7-7 

59.29 

460.3 



II 

468. 0 

461. 6 

+ 6.4 

40.96 

463. 0 

+ 80 

1 3& 00 

464. 3 

+ 3.8 


la 

466.6 

465.1 

+ l-S 

a. 25^ 

464*4 

+ a. 2 

+ 84 

467.0 



13 

466.6 

467.5 

“ *9 

.81 

465.8 

+ .8 

.64 

4688 

— a, 2 

A 

14 ' 

467.0 

i 469. Q 

— 3.0 

4.00 

466.6 

+ .4 

. 16 

469. 7 


z* ^ 

IS 

466.6 

46^6 

— 3-0 

^ 00 

466. 6 


0 

469. 7 



16 

464. 6 

469.4 

- 4.8 

23. 04 

466.0 

— 1.4 

1.96 

469.0 

— 4. 4 

la S 

17 

46*. 5 

468. s 

— 8 0 

36 00 

464.9 

- 2.4 

5* 76 

467. 7 ■ 

~ S- 2 

J 

18 

460. 7 

466.9 

— 8 3 

3844 

463. 2 

- 2.5 

6.25 

465- 7 

“5-0 

25 » 

*9 

460. 3 

464.5 

“ 4.3 

1849 

461. 1 

- *9 

.81 

463- 0 

- 3,8 

7.84 

20 , 

455- 2 ■ 

461.5 

- 83 

39-69 

4586 

- 3*4 

11* 56 

4,59- 9 

“4-7 

31, 0^ 

31 

453- 7 

457*9 

- 4-2 

17.64 

455-7 

“2.0 

4*00 

456. 3 

“2-5 

6.25 

33 

449- I 

453* 7 

- 4.6 

31. 16 

452.4 

“3-3 

lOw 89 

452.0 

— 2.9 

84! 

n 

444-0 

448.9 ' 

“ 4-9 

34. 01 

448 8 

- 4-S 

93- 04 

447-3 

“ 3-3 

lOiSg 

24 

443- a 

443. 5 

” -3 

.09 

444.9 

— 2. 7 

a- 89 

442. 1 

+ i-l 

1 . 21 

25 

448. 7 

437- 5 

+ 11. 3 

125.44 

440. 7 

+ 80 

64. 00 

4384 

+ 12-3 

151.39 

26 

440.0 

431.0 

+ 9. 0 

81. 00 

436. 2 

+ 3-8 

14.44 

430- 4 

+ 9-6 

93- 1(1 

Total.... 



198 I 

2) 289. 55 


277-9 

2, 743. 33 


187.0 

2,641.64 







lyCast squares: Root mean-square error— 9.4; mean error- 7.6. 

Moments, equal intervals: Root mean-square error— 10.3: mean error— 6.8. 
Moments, unequal intervals: Root mean-square error™ 10. 1 ; mean error" 7,3. 


In Table V are given the values of the fs and certain other constants 
involving only / for values of / from 3 to 40, This range will include 
practically all cases likely to occur in ordinary statistical work. 

The author wishes to acknowledge his indebtedness to Dr, Pearl for his 
aid and suggestions throughout the work. 
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ORGANIC PHOSPHORIC ACID OF RICE 

By Alice R. Thompson, 

Assistant Chemist, Hawaii Agricultural Experiment Station 


That phosphoric acid occurs in organic combinations with inositc in 
the seeds of many plants has been shown by several investicato;l 
Postemak (9),' Patten and Hart (8), Hart and Andrews (6) Han aS 
Tottingham (7), Anderson (i, 2 3, 5). Rather (,o, n), and others have 
isolated this organic substance from pumpkin seed, beans wheat com 
oats, and cotton ^ed. Although they have been unable to obtairl it hv 
synthesis and still disagree to the formula and composition of the 
add and its salts, it is generally known as phytin or phytic acid Suzuki 
et al. (12. 13) and Anderson believe phytin to be a hexaphosphoric 
add ester of mosite, and Anderson has shown that, the organic ohos 
phoric acid m wheat bran differs materially from the acid he has obtained 
from a number of seeds. ^ 

Phytin is completely hydrolyzed into free phosphoric acid and inosite 
only with difficulty, as Anderson (4) showed by boiling phytin with con- 
centrated nitric acid for several hours. 

In the previous determination of phosphoric acid in foliage and grain 
of nee (Oryza saliva) at the Hawaii Experiment Station (14) several 
methods were used m oxidizing the organic matter. On boiling the 
grain with a mixture of nitric and hydrochloric acids (aqua regial the 
author noticed that, although the solution soon became colorless giving 
the appearance of complete oxidation of organic matter if boiled to 
dryness a charred mass remained in the flask. Determinations of nhos- 
phonc acid in the solution (not boiled to drvncssl in the case of the 
nee gram showed about one-third of the total' phosphoric acid as found 
by the Neumann method. The determination of phosphoric acid in the 
foliage, on the other hand, by either method was about the same. 

It was thought that the reason for this resistance to the action of 
aqua regia is probably the fact that phosphoric acid occurs in the rice 
grain as phylm and is therefore not completely hydrolyzed. It was 
toded, therefore, to give some study to the organic phosphoric add 

Suzuki ct al. (12, 13) obtained an impure salt of phytic acid from rice 
by extracting the rice bran with a 0.2 per cent hvdrochloric-acid solu- 
lon and precipitating with alcohol. As Anderson (i. 2, 3, 4, ,) has 

aciil'nf m ‘ the inorganic phosphoric 

^Wn 1 'ttipurities, the phosphorus content as 

town by the resulting analysis is not that of pure phvtiii. 

rice ‘v interest to obtain the pure salt of phvtic acid from 

tto'. the methods of Anderson (i, 2, 3. 4, 5) of purifying 

barinm t, ^tfPl^^ted solution in hydrochloric acid and precipitation with 
but the BO the author hoped to isolate the pure tribariiim salt, 

eliminaiitiB* hydrolysis of the substance and the difficulty of 

“ ^ ^ impurities yvhich may be present, such as other phos- 

Rcfcrriu'c ttudf by itimi}y<‘r lo ' l.iJcr.iiuto c 4tc> 
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phone esters of inosite, stand in the way of obtaining the pure substance 
Special attention was paid to methods for the determination of the 
barium and phosphoric acid in the salt, and observations of some interest 

were made. . , . 1 x • , 

The total phosphorus was determined m samples ot rice bran and 
unpolished and polished rice. The following determinations were dupU- 
cated to within 0.02 per cent: Phosphorus in rice bran, 2.291 per cent; 
in unpolished rice, 0.321 per cent; in polished rice, 0.140 per cent. 

It is apparent that the rice bran contains a comparatively high per- 
centage of phosphorus. Phytin was detennined in the bran by extracting 
100 gm. of the sample with a 0.2 per cent hydrochloric-acid solution and 
precipitating with alcohol. The precipitate stood o\er night, when it 
was filtered, first washed with 50 per cent alcohol, then with ether, and 
was dried at 105° C. It weighed 8.22 gm., amounting, therefore, to 
8 22 per cent of the bran. As phytin contains considerable organic phos- 
phorus, it is apparent that rice bran contains much of its phosphorus in 

the organic fonn. ^ 

The writer was unable to obtain phytin from the polished rice. The 
0.2 per cent hvdrochloric-acid extract from several kilograms of finely 
ground polished rice yielded but a slight precipitate w ith alcohol or barium 
chlorid. With barium hydroxid added to alkalinity a considerable pre- 
cipitate occurred which did not behave like phytin. 

The phytin obtained from the unpolished rice was doubtless contained 
in the outer layer, which is removed in polishing. 

Two iireparations of barium phytate were made according to the 
method of Anderson; one from unpolished rice, the other from rice bran. 

Six kg. of finely ground unpolished rice were treated with a 0.2 per 
cent hvdrochloric-acid solution for several hours. This was filtered 
through cheesecloth and filter paper the same day and the filtrate pre- 
cipitated with a barium -chlorid solution. . , . . , , 

The precipitate was collected on a filter, washed with 50 per cent alco- 
hol dissolved in a i.o per cent hvdrochloric-acid solution, which was 
then filtered and precipitated with barium hydro.xid. It was reprecipi 
tated three additional times with banum hydroxid, once with alcohol, 
again with barium hydroxid, and again three times with alcohol. Th 
filtrate from the alcohol precipitate swn ceased to give an immeto 
precipitate with an ammonium-molybdic glutton, ‘"S 

nation of inorganic phosphoric acid from the precipitate. Ip p 

tales formed bv barium hydroxid were well washed with water 

Crystals were then obtained by adding barium hydroxid to Ik ac 
solution until a slight precipitate resulted and 

to stand a couple of days. The crystals thus formed ' ^ ^ b, 

talUzed ill the same way, and then crj^talli^cd 
the addition of alcohol. It was found that on a<ld»>g 
of alcohol, according to Anderson, onh . P, .o^make the 

obtained. It was only by adding just sufficient alcohol to 
solution turbid that crystallization took place. ,„,„,,osed eiili«l'- 

Under the microscope the precipitate apimared ^ „eedle- 

of crystals in the form of globu es o "^cdles wnth ^s.onn^^^ 
shaped crystals arranged m stellar fonn. These we p 

same substance. .. in vacuum over 

The crystals were washed with alcohol and ^ o C 

sulphuric acid at lalxiratory tem|)eralvire. and fiualh at 
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over calcium chlond without vacuum. The moisture was then determined 
Ij, the salt at 120 to 130 C. and amounted to 0.76 per cent The 
phytin from the bran was purified and obtained in the same wav as 
that from unpohshed nee, bi^ the banum salt was dried in vacuum over 
calcium chlond at 105 C. The moisture determined in vacuum at ios“ 
and at 120° C. was 1.33 per cent in both cases. The crystals resembled 
those of the first preparation. 

The salts thus obtained were practically free from chlorids and inor- 
ganic phosphates. Nitrogen was also absent. All the material of the 
first preparation was used in making repeated determinations of barium 
phosphorus, carbon, and hydrogen, but the phytin obtained from the 
bran was analyzed also for ash constituents other than barium. In o 6o 
gm. of this material an unweighable trace of calcium was found, but no 
iron, manganese, magnesium, or potash. The residue on precipitating 
out the barium and igniting the phytic acid thus left amounted to a fevv 
milligrams and was composed mostly of un volatilized phosphoric acid. 
No nitrogen was found in the salt. 

The barium in the salts was determined by various methods. A pre- 
cipitate of barium sulphate was obtained in the determination of phos- 
phorus by the Neumann method. After boiling the salts for three to 
four hours with sulphuric acid to which ammonium nitrate was added at 
intervals, 200 c. c. of water were added to the solution, and the precipitate 
of barium sulphate resulting from this dilution was boiled and allowed 
to stand overnight on the water bath. The precipitate was collected on 
a filter and was washed well, dried, and ignited. This precipitate was not 
pure barium sulphate, but contained a large amount of silica, aluminum, 
etc,, dissolved from the Kjeldahl flask by the concentrated solution of 
very hot ammonium nitrate in sulphuric acid. On heating the weighed 
precipitate with hydrofluoric and sulphuric acids, silica was eliminated 
and the weight of the residue considerably reduced. In one case 0,68^3 
gm. of precipitate lost 0.01 1 1 gm. by this treatment. A pure barium 
sulphate was also obtained by fusing the residue with sodium carbonate. 
The fusion was digested in boiling water, then filtered and washed. The 
filtrate was tested for barium and the insoluble residue dissolved in a few 
drops of dilute hydrochloric acid, washed through the filter paper, and 
the barium precipitated in boiling solution bv the slow addition of 0.4 N 
sulphuric acid. 

A number of determinations were thus made in which the correction by 
fusion caused a decrease in calculated barium from i to 2 per cent. The 
results from tliree samples given in Table I are taken from the analysis of 
me phytin from bran (not calculated to moisture-free basis), 

tAHLi: of Iwiuni tn barium phyiotf o\Hit:ud by ihc Xoumami iru fhod 


lUriuni. 


ShiiijiU' \(». 


Lnvvrrcttevi. 


Corrected b>- 
fusion. 


Per cent. 

jS. 293 
38.256 
3S. I91 


Per cent. 

37- 291 
37- 358 
. 37 - 305 
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Two of the corrected residues were treated with hydrofluoric acid k 
no decrease in weight resulted. ' 

Barium was also determined by dissolving the barium phytate in ah 
200 c. c. of water wth a few cubic centimeters of dilute hydrochloric 
Twenty c.c. of 0.4 AT sulphuric acid were added to the boiling soluf 
the whole was boiled about half an hour, and then set aside on a hot-w^?^’ 
bath for several hours. The precipitate, after standing overnight ^ 
filtered, washed, and ignited. On weighing, then fusing and reprecinir? 
ing the barium, as was done above, a slight increase in weight was h 
served. The filtrates from the barium precipitates after fusion wereunit^H 
evaporated to small bulk, acidified with nitric acid, and ammonium mol^h 
date added. A yellow precipitate was found after standing, and fh' 
phosphoric acid tiien obtained was weighed as magnesium pyroohn^ 
phatc, By fusing tiie impure residues amounting to from 0.2754 to o\- ^ 
gm., the magnesium pyrophosphate obtained was found to be 0.018? 
0.0092, 0.0095, arid 0.0074 gtu. ‘ ’ 

The weight of the residues of barium sulphate before and after coirec 
tion for phosphate is given in Table If. 

Tabli; II . — Quanlity of barhim xulphale a»{/ rnagnesium P}>opho\-ptmie pndpiiaUi} 
frovt (] solution of barium phytate 


2, 

3 


S.i'iipi,^ Xt,. 


i ,, , , ' I'hosphotic 

L and as magne 

reeled. ■ '■uiin pyrnphos- 

i ! 

J 1 

<lin \ Gm. I Gw. 
0.2754! 0,2785' o.oi8i 

•.3117' -3128} .ooo> 

.4672! -470,3 j ^ 


■* N'lil < ak'iiLiU'd !« reaUT-free basis 


The filtrate containing the phytic acid from which the barium was 
precipitated by the foregoing method still contained a few tenths of a 
per cent of barium. On evaporating to small bulk or igniting, a small 
precipitate of barium sulphate was obtained. It would appear that 
phytic acid has some solvent action on barium sulphate. 

The fact that phosphoric acid was ))recipitated along with the bariura 
sulphate by very dilute sulpluiric acid suggests that the composition of 
phytic acid as determined by Anderson may have been aflected. Ihe 
phosphorus, if carried dowm with the barium sulphate, would cause nkw 
phosphorus content in the remaining solution. 

It was attempted to determine barium by first igniting the salt, but a 
white ash could not be obtained, and llie residue was extremely ditlicult 
to dissolve after ignition. Phosphoric acid was liesL determined by the 
Neumann method, fdtering oil the barium sulphate formed 011 dilution. 
The results were about o. i per cent lower when (leterniine<l In' precipittib 
ing the barium with dilute sulphuric acid and evaporating (be piiybc 
acid thus obtained with niagtiesiuin nitrate and igniting and adding 
the phosphorus anhydrid found in the fused barium residue. 

Carlxm and hydrogen were deUTniitied liy the regular conibUJ»lioc 
method, passing oxygen through the apparatus during the burning. ^ 
each case the black ash remaining was ground up with potassiu 
dichromate ami reburned. 
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The analyses of the barium phytate are given in Table III and ^rp 
calculated to the waterTree basis. The banum and phosphorus content 
is lower than that reported by Anderson for tribarium-inosite-hexaDhn^ 
phate. Whether the banum phytate obtained was composed of a single 
salt of inosite is not absolutely certain. ^ 


TablK 111. —Analyses of barium phytak calculated to ike -water free basis 






! 

(ifhariiiin phytate 



Constitufiil . 



Unpolished rice 

i- . 

Rice bran. 
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I No. I, 
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No. r. 
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Per cent. 

! 6. 63 

I. 75 

Per cent. | 

Per cent. 

Per cent. 
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I. 84' 
16. 38 , 
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1.87 
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•3551 
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Gm. 

0. 0607 
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Sample No. 

Quantity 

used. 

HK) 

CO; 

MksPjOt 

BaS 04 

1 1 

Gm 

0- 2559 

Gm. 

0. 0445 

•0583 

Gm. 

0. 061 ; 

Gw. 

Gw. 

2 . . . < 

-3271 

• 55 M 

• 




I i 


0-3137 

• 2709 


2 ‘ 




1 ! 

• 3 = 11.1 



0 3496 

2 i 

• 67 ;o 


‘ 

- 4251 






'1 0.5107 cm, l( 
” 0.5717 trm, U 

>‘-t 0 

1st 0 0125 

n :< ) -^2 7' tX’ 

Urtl- 1 55 IX 

iMit of moi-tt:ro, 
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Inosite was prepared from the barium phytate of rice bran bv heating 
in scaled tubes to 150^ C. about 2 gm. of the salt with 20 c. c. of ;o per 
cent sulphuric acid for five liours. 

ihe sulphuric acid was precipitated \rith barium liydroxid, the excess 
carbon dioxid. and the tilt rate evaporated to 
residue was extracted witli hot water and filtered. The 
tiinp ^ ether and alcohol and recrystallized three 
at needles. These ga\-e the Scherer reaction and melted 

C.^uiicorrectcd, 

nf the Hawaii ivxperimeiit Station, 
IhroughouT^*^^ work on phytin in riee and gave helpful advice 
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TWO CLOVER APHIDS* 


By Edith M. Patch, 

Entomologist, Maine Agricultural Experiment Station 


It recently ^me to my attention that two distinct species of clover 
aphids are rather generally confused in collections under the name 
hokerx. As the range of both species extends nearly if not ouitr 
across the continent, it is a matter of more than local interest that this 
confusion should be straightened out. Specimens have been received 
from Messrs. J. J. Davis, A. Maxson, and H. F. Wilson, and I am in- 
debted to Prof. C. P. Gillette for reading the manuscript and for the 
determination as to which species should properly be known as Aphis 
bakeri. ^ 

I have been unable to secure a type specimen of Aphis brevis for 
examination, although through the kindness of Dr. L 0 Howard Chief 
of the Biireau of Entomology, and Mr. H. Hayward, Director of the 
Delaware Experiment Station, a thorough search was made both at Wash- 
ington and at Newark. I feel confident, however, that Prof. Sanderson's 
careful descnption and figures are sufficient to enable us to refer the 
long-beaked clover aphid to that species with safety 


Aphis brevis Sanderson (hong-bcaked clover aphid). 

Ill toe vicimty of Orono, Me., the leaves of the hawthorn (Crataequs 
spp.) in June are commonly twisted into dark-purple swollen curls and 
are inhabited by an aphid the fall migrants of which were described bv 
Prof. Sanderson as Aphis brevis} This insect takes Eight from haw- 
thorn during June and early July and returns late in the season before 
producing the sexual generation. I have taken the fall migrants on cul- 
tivated plum (Prunus spp.), but as yet have made no spring collections 
from that host. In June and July, 1906, I collected apparently the same 
species from the twigs and terminal leaf curls of the Japan quince 
{Lydonia japonica). 

Not being able to find characters to separate these collections from 
certain specimens labeled '\\phis bakerV received from the Middle West, 
undert^k some transfer tests during the summer of 1912, and found 
that my Aphis brevis accepted both alsike and other clover {Trifolium spp.) . 
Migrants placed on alsike and white clover produced nvmphs that fed 
apparent satisfaction on the test plants. The potted white clover 
was however, more easily managed in the laboratory, so it was selected 
^ searings. The transfer was made on June 14. The migrants 
fh A L their abdomens became distended. At this time 

’■ cornicles were black, and abdomens olive green, 

vvlrA black lateral dots. By June 21 their abundant progeny 

and ^'^1, . J both stem and runner. The nvmphs at first were pale 
m pel ucid with rosy head and prothorax. By June 24 this generation 
ured, but did not begin to reproduce for a day or two. By June 
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37 these adults had lost the rosy hue they had as nymphs and had become 
creamy white or grayish white with black antennae, dusky legs, and deep 
rusty spots at base of cornicles, but with no rusty line connecting them. 

On August 5, 1912, my attention was called to infested sweet-pea 
{Lathyrus odoraius) vines, which had vigorous colonies of red aphids on the 
stems at the surface of the ground extending for an inch up the plants. 
These proved to be the long-beaked clover aphids, and the source of the 
infestation doubtless was the hawthorn tree a few rods distant which 
had been heavily attacked by the spring generations of this species earlier 
in the season. 

The spring forms on the hawthorn include two types of apterous 
females. One, possibly the stem mother, has the head, prothorax, 
and thorax soft coral pink. Joints I, II, and III of the antenna are 
coral pink or pellucid, while the other joints are black. Ihe abdomen 
is olive green mottled with brown and pink, with a slight bloom only. 
The very short cornicle is light pellucid with the merest dusky tip, 
and the very short cauda is dark brown. 

The apterous female of the second (or third?) generation has the 
head, prothorax, and thorax crimson, overcast \vith a slight bloom. 
Joints I, II, and III of the antenna are pellucid, while IV, V, and VI 
are black. The abdomen is crimson mottled with olive green and 






^ brfiis: Amciiiuoi iaII al.ite tt-nialo tollccUil irem ItawUiorn, 


covered with slight bloom. There is a pale olive S])ace about tlie base 
of the short cornicles, which are light olive green. 

The spring migrant before flight has the dorsal surface of the head 
shining black, the ventral reddish, with a black beak and the antennse 
black' the prothorax is black with red membrane; the dorsal lobes of 
the thorax are shining black, the breast reddish black; the dorsum of 
the abdomen is red in form of a heavy cross, the part about the cor- 
nicles being pale olive green; the venter is red. These same inigranb 
after feeding on clover juice lose with age their reddish cast, the abdo- 


mens then becoming oliv’C green. . 

The nymph, which is to become the spring migrant, m the pre-imago 
stage has its head and thorax coral pink, its abdomen rc(l and inor^ 
or less mottled, with a pale olive green space about the cornicle ex uk- 
ing over several segments. . 

Tliefall alateform does not clifTer essentially from the spring nngran. 
The sensoria of the antenna (fig. i) are distributed over joints III, I v , 

V, in practically the same numbers as the spring migrant, a 10 
some individuals of the spring form have fewer to none, on jom • 
V and VT are nearly subequal, and they are lioth sometimes longc ^* 
those shown in figure i. Joint V is sometimes a little shorter 1 
Joints IV, V, and \'I in the male are relatively longer than 
thealate female and there are frequently more seiisona ^ 

V, as well as sometimes from one to several on basal par 0 j 
Tig. 2). 
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Xhe lateral tuberdes of the prothorax and abdomen are distin.. 
and blunt m both the alate and the apterous generations ^ ^ ^ 

The beak m the apterous forms ordinarily reaches easily' to the 
coxa, and m the alate forms well beyond the second coxa sometimes 
reaching the third. The most distinctive character of the winv isTh. 
short, broad stigma with a blunt distal end. ^ 


Aphis bakeri Cowen (Short beaked clover aphid). 

About the middle of August, 1914, large numbers of an aphid from 
rnlolitim pratense were taken by Mr. George Newman at Orono Maine 
This species was distinct from the one just discussed, and vet ’l found 
that it was commonly listed m collections as Aphis bakeri In the 



Fig. breTii: Atitetina oi alate inalc. 


original description of Aphis ccphaUcola Cowen,* a synonym of A, bakeri 
according to Gillette and Taylor^ the specifications “Third joint of 
antennae tuberculate, with numerous irregular sensoria, fourth with few- 
irregular sensoria,” and “Beak hardly reaching second coxa” at once 
applied to ^ . bakeri of this paper and distinctly did not apply to A brevis 
Aphis bakeri is found also upon shepherd’s-pm-se (Capsella bursa- Pastoris) 
in the fail and early spring, but whether there is a migration between 
shcplierd’s-purse and clover I do not know. Mr. Wilson lent me speci- 
mens of this aphid collected from the hawthorn in Oregon. It occurs on 
apple {Mains spp.) in Colorado.^ I have made a single collection of a fall 
migrant on hawthorn at Orono on October i, 1914. 

Ihe habitat of the short-beaked clover aphid on clover seemed to 
be the ventral side of the leaf and the stem near the ground. The colonies 


Fig. —Aphis Antenn.i of alato fi-malc collect Cil from clove: 


ere frequently covered by “anl sheds," as well as sometimes extend- 
ing for a short distance underground. 

1 is smaller, more slender and graceful than the long- 

oeaked clover aphid. Joint of the antenna is noticeably shorter than 
IV and IS without sensoria. cxcejit the usual distal one, in the summer 
\miged viviparous female (fig. 7,.) Tlic stigma is rather narrow and the 
ba end acute. The beak hardiv reaches the second coxa and fre- 
quMit y tails considerably short of it. The prothoracic and abdominal 
^ t'ra tubercles are prominent, but very slender. Both species have the 
cornicles and cauda ver^- short. ' 
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